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Chapter 1 
The Six Trigonometric Functions 


1.1 Angles, Degrees, and Special Triangles 


EVEN SOLUTIONS 


2. 


Two angles with a sum of 90? are called complementary angles, and when the sum is 180? they are called 
supplementary angles. 


4. In a right triangle, the longest side opposite the right angle is called the hypotenuse, and the other two sides are called 
legs. 
6. In a 30?-60?—90? triangle, the hypotenuse is always twice the shortest side, and the side opposite the 60° angle is 
always V3 times the shortest side. 
8. a. ii b. iv c. i d. iii 
10. 70° is an acute angle. The complement is 70? — 50? = 20°, and the supplement is 180? — 70? = 110°. 
12. 90? is neither an acute or obtuse angle (it is a right angle). The complement is 90? — 90? = 0°, and the supplement is 
180? — 90? = 90°. 
14. 150? is an obtuse angle. The complement is 90? — 150? = —60°, and the supplement is 180? — 150° = 30°. 
16. yis neither an acute or obtuse angle (its measure is unknown). The complement is 90? — y, and the supplement is 
180? — y. 
18. Adding the angles in triangle BDC: 
B +90° + 50° =180° 
B+140° =180° 
B = 40° 
20. Adding the angles in triangle ADC: 
a +a + 90? 2180? 
2a + 90? = 180° 
2a = 90° 
a = 45° 
22. Since A = 50°, a =180° -50° -90° 2 40° . Since æ+ f =75°: 
40° + B 2 75? 
p 235? 
Since B 2 35?, B=180°-35°-90° = 55° . 
24. | No. The posts must be perpendicular to the ground for a and f) to be complementary. 
26. Since æ and f are complementary, à 2 90? -15? 2 75? . 
28. Since 1 revolution = 360°, which corresponds to 24 hours, then in 3 hours the hour earth will turn 
3 (360°) = 13607) = 45°. 
24 8 
30. Let x represent the measure of each angle. Since the angles must add to 180°: 
x+x+x=180° 
3x = 180° 
x = 60° 
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32. Using the Pythagorean Theorem: 
27 +b? -10? 
4+b* =100 
b? =96 
b - J96 =4V/6 


34. Using the Pythagorean Theorem: 
22,5? -8 
4 «p? = 36 
b? = 32 
b = 432 = 442 
36. Using the Pythagorean Theorem: 
a? «10? - 26? 
a? +100 = 676 
a? - 576 
a - 24 
38. Using the Pythagorean Theorem: 


4 «4^ u^ 
16416 =x? 
x?-32 


x-2432 2 A42 


40. Using the Pythagorean Theorem: 
Ptr 


xe 43 


42. Using the Pythagorean Theorem: 
x? «4? =(2x-1) 
x? 416-2 4x? - Ax 41 
0 23x? - Ax -15 
3x? -Ax-15 20 
(3x45)x-3)20 


je cs 
3 


Since x represents the side of a triangle, it cannot be a negative number. So the only solution is x 2 3. 
44. First find AC using the Pythagorean Theorem: 


(AC) 45^ 313" 
(AC) +25 - 169 


(AC)? - 144 
AC =12 
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Thus DC = AC - AD = 12-4 = 8 . Now find BD using the Pythagorean Theorem: 
8? +57 - (BD? 
64 425 = (BD 


(BD) - 89 
BD = 489 
46. LetAB =x. Since AC = AB + BC =x+5 ,using the Pythagorean Theorem: 
127 45? 2(x «5 
144425 =(x+5)° 
(x5) =169 
x+5 =4V169 2x13 
x=-18,8 
Since AB must be positive, AB = 8. 
48. Let x represent the distance across the pond. Using the Pythagorean Theorem: 
257 4.60? = x? 
625 + 3600 = x? 
x? = 4225 
x -65 
The distance across the pond is 65 yards. 

50.  Ifthe shortest side is 4, the side opposite the 60? angle is V3.4 - A443 , and the longest side is 24-8. 

52. Ifthe longest side is 5, the shortest side is > 5 -2 , and the side opposite the 60° angle is V3- i - 23 ; 

54.  Ifthe side opposite the 60? angle is 3, the shortest side is B . B = 43 , and the longest side is 2e V3 =N3. 

56. Since 20 ft is now opposite the 60° angle, the length of the shortest side is 20; v3 = 2043 . The length of the 

43 43. 3 
escalator is the longest side, which is 2e os = ae = 23.09 ft. 

58. To solve this problem we need to find the widths of the base and sides of the tent. Since 3 ft is the side opposite the 
60° angle at the end, the shortest side is 4 . a = 3 ft and the longest side is 24/3 ft. The width of the base and 
sides are therefore 24/3. ft. If / represents the length of the tent, the sides and floor of the tent have a total area of 
36 243.1 = 61V3 ft, and the ends (which are triangles) have a total area of 2* > 343: 3= 643 ft?. Thus the total 
area of material needed is 90: 

6143 64/3 = 90 
643 (141) - 90 
Hre KER 543 
6V3 43 
12543-1277 
The length of the tent should be approximately 7.7 feet. 
60. Since the shorter sides are each : , the longer side is 22 - E : 
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642 


62. Since the longest side is 64/2. , the shorter sides are —— = 


42 
64. Since the longest side is 12, the shorter sides are 2 . v2 =6)2. 
4E 
66.  Sincethe height is 1,000 ft, which represents the shorter side, the longer side is 10004/2 ft. Thus, if the bullet is 
traveling at 2,828 ft/sec, the total time is 100042 ft - E sec 


2828 ft/sec 2 
68. Since d= 4 and c is the hypotenuse of a 45?-45?-90? triangle, c = 44D. . Since b is the shorter side of a 30°-60°-90° 


triangle, b = ^ 53 = 4v6 . Since a is the hypotenuse of a 30°-60°-90° triangle, a 2 2* 4v6 = 8v6 ; 
43.43 3 3 3 
70. a. Since GD = 5 cm and AGCD is a 45?—45?—90? triangle, then each side has a length of : . v2 = 542 cm. 
V2 V2 2 
542 
b. Since GD =5 cm and from part a and BD = 5x 5 cm, using the Pythagorean Theorem: 
(GDY +(BD)* - (GBY 
2 
(5j [£ - (GB) 
2 
25422 = (gpy? 
2 
75 
GB} =— 
(GB) 7 
Cuz. 5w8.N2 396 oi 
27-97 AB. 2 
72. The measure of ZGDH is 45?,since AGHD is a 45?—45?—90? triangle. 
74. a. Since AODB is a right triangle, using the Pythagorean Theorem: 
(ODY + (DB)* = (OB) 
1 +2? SOR) 
(OBP =5 
OB = J5 
b. Since OB = OE, OE = V5 . 
c. Sine CE=CO + OE, CE-1« 45. 
d. Finding the ratio: Z = : = . This is called the golden ratio. 
76. Using the Pythagorean Theorem: 
2 +b = 5 
4«b? 225 
b? =21 
b= 21 
The correct answer is c. 
78. Since the leg is 24 feet in a 45?—45?—90? triangle, the length is 2442. feet. The correct answer is b. 
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ODD SOLUTIONS 


11. 


13. 


15. 


17. 


21. 


27. 


29. 


counterclockwise, clockwise 3. 180° 
hypotenuse, sum, legs 7. equal, Sf 
10° is an acute angle. 

The complement of 10° is 80° because 10°+80° =90° . 

The supplement of 10° is 170° because 10°+170° =180° . 
45° is an acute angle. 

The complement of 45° is 45° because 45 «445 290". 

The supplement of 45° is 135° because 45' +135° 2180. 
120° is an obtuse angle. 

The complement of 120° is -30° because 120° +(-30) = 90°. 


The supplement of 120° is 60° because 120° + 60° =180". 
We can't tell if x° is acute or obtuse (or neither). 
The complement of x° is 90  - x' because x^ + (90° -x) = 90". 
The supplement of x° is 180° -x° because x°+ (180° -x) -]180'. 
a -180* - (ZA ZD) The sum of the angles of a triangle is 180° 
=180°- (30° + 90°) Substitute given values 
= 180° -120° Simplify 
= 60° 
a =180°-(ZA+ZD) The sum of the angles of a triangle is 180° 
=180°- (2a + 90°) Substitute the given values 


=90°-2a Simplify right side 
3a = 90° Add 2 a to both sides 
a 230* Divide both sides by 3 
ZA 2180" -(a+ B - ZB) The sum of the angles of a triangle is 180° 


-180'- (100° + 30°) Substitute given values 

= 180° -130° Simplify 

= 50° 
Angles a and fj are complementary because 
a+ p +90° =180° 
a 4 PB =90° 
a 4 Pp =90° a and f are complementary 
a=90°- 6 Subtract 6 from both sides 


=90° -52° Substitute given value 
= 38° Simplify 
One complete revolution equals 360°. 


Therefore, it rotates 360° in 4 seconds and 90° in 1 second. 
Let a =the degree measure of each base angle 


Then a+a+40° =180° 
2a+40° =180° 
2a =140° 
a=70° 


Each base angle of this isosceles triangle is 70°. 
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31. =a +b Pythagorean Theorem 


=4 4+3 Substitute given values 
=16+9 Simplify 
=25 
Therefore, c=+5. The only solution is c = 5, because we cannot use c= —5. 
33. @+b =e Pythagorean Theorem 
b’ = -a° Subtract a’ from both sides 
-17-8 Substitute given values 
2289-64 Simplify 
-225 
Therefore, b 2 x15. The only solution is b 215, because we cannot use b 2 -15. 
35. a+b =e Pythagorean Theorem 
a=c-b’ Subtract b^ from both sides 


=13°-12* Substitute given values 
=169-144 Simplify 
= 25 
Therefore, a 2 x5. Our only solution is a = 5, because we cannot use a= —5. 
2 
37. x7 +5’= (5/2 ) Pythagorean Theorem 


x’ +25 =50 Simplify 

x!-25 Subtract 25 from both sides 
Therefore, x 2 x5. Our only solution is x 2 5 because we cannot use x 2-5. 
Note: This must be a 45° -45° -90° triangle. 


39. x= (2) + (2v3) Pythagorean Theorem 


=4+12 Simplify 

=16 
Therefore x =+4. Our only solution is x 2 4 , because we cannot use x - -4. 
Note: This must be a 30° -60° -90° triangle. 


41. (vio): 2x +(x+ 2): Pythagorean Theorem 
10 2x? +x? +4x +4 Simplify 
10 22x? - 4x «4 Combine like terms 
0=2x7+4x-6 Subtract 10 from both sides 
0 =x? +2x-3 Divide both sides by 2 
0 =(x+3)(x-1) Factor 
x+3=0 or x-1=0 Set each factor equal to zero 


x =-3 x-l 


Therefore, x = 1 because x =-3 is not possible. 


43. (BD) = (CD) «(BC) Pythagorean Theorem 
5- (CD) + (4) Substitute given values 
25 -(CDy +16 Simplify 
9-(CD) Subtract 16 from both sides 
CD=3 or CD=-3 Take square root of both sides 
CD =3 Eliminate negative solution 


Therefore, AC=2+3=5 AC=AD+DC 
(AB) - (AC + (BC) Pythagorean Theorem 


=5°4+47 Substitute given values 
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225416 Simplify 

=V41 
AB-441 or AB=-V41_ Take square root of both sides 
AB - J41 Eliminate negative solution 


2 


45. (AB+ BC) = (CD) +(AD) Pythagorean Theorem 


(4+ ry =r +8? Substitute given values 
164+8r+r =r" +64 Simplify 
16+8r=64 Subtract r^ from both sides 
8r =48 Subtract 16 from both sides 
r=6 Divide both sides by 8 
47. This is an isosceles triangle. Therefore, the altitude must bisect the base. 
x= 8) + (13.5) Pythagorean Theorem 
-3244182.5 Simplify 
= 506.25 
x=22.5 or x=-22.5 Take square root of both sides 
x =22.5 ft Eliminate negative solution 


49. The shortest side is 1. 
The longest side is twice the shortest side. Therefore, it is 2. 


The side opposite the 60° angle is 143 or V3. 
51. The longest side is 8 which is twice the shortest side. 
Therefore, the shortest side is 4. 


The side opposite the 60° angle is 44h. 
53. Lett = the shortest side, 2t = the longest side, and t4 3. = the side opposite 60° 
Therefore, t/3 - 6 Side opposite 60° is 6 


f2— Divide both sides by 4/3 


- BE - 243 Rationalize the denominator 


Since t - 2/3, 2t -2(2/3) eu 


The shortest side is 24/3 and the longest side is 443. 
55. The shortest side is 20 feet. 
The longest side is twice the shortest side x 
Therefore, x = 2(20) 20 ft 
x=40 feet 
57. The tent is made up of 3 congruent rectangles and 2 congruent [: 
triangles. 


First we'll find the sides of the 30° - 60° -90° triangle. 
The side opposite 60° is 4 ft. Let t = the shortest side. 


tV3 =4 


443 443 


The shortest side is E The hypotenuse is (5 -—— 
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:3 843 


Also the base of the triangular sides are (8 


Note: This is an equilateral triangle. 
Area of rectangles = length - width 


ERE 
3 


Area of rectangles = 


-1643 fe 


Area of triangles = ; : base: height 


EE 


2\ 3 
= fe 


Area of tent = 3 rectangles + 2 triangles 


spes 25E] 


3 


= 48/3 + as 
~101.6 ft’ 
59. hypotenuse = : 2 Hypotenuse is i2 


= 4v2 Simplify 
5 
61. hypotenuse -f42 tis the shorter side 
842 wD Substitute given value 
8=t Divide both sides by V2 
63. hypotenuse = tV2 t is the shorter side 


dup Substitute given value 
2 en cDiyidé Both des by x2 


L 


fa Del? Rationalize denominator by multiplying numerator and 


65. We are looking for the hypotenuse of a 45° -45° -90° triangle where the shorter sides are 
1000 feet. 


hypotenuse = 1000/2 Hypotenuse is i2 
=1414 ft Rounded to the nearest foot 


The bullet travels 1414 feet. 
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67. First, we will find the leg of the 45° — 45° — 90° triangle where the hypotenuse is 3: 
3-d42 Hypotenuse = d42 


3 342 
Nd d ord = ^5 Divide both sides by V2 and rationalize the denominator 


Next, we will find the shorter side of the 30° - 60° — 90° triangle where the side opposite the 60° angle is 3: 


b4323 b43 = the side opposite 60° 
3 i : ; ; i 
b= B = 3 Divide both sides by V3 and rationalize the denominator 
Last, we will find the hypotenuse of the 30° — 60° — 90° triangle: 
a=2(b)= 243 Hypotenuse - twice the shorter side 
69. a. hypotenuse = 2 t is the edge of the cube 

mila Substitute given value 
ax? Simplify 


Therefore, CH = «I3. inches 
b. (CF) - (CH) + (FH) Pythagorean Theorem 


x (v2) + ay Substitute given values 
2241 Simplify 
23 
CF - x43 Take easy square root of both sides 
CF - 43 inches Eliminate the negative solution 
71. a. hypotenuse = x2 x is the edge of the cube 


The length of the diagonal of any face of the cube will be xy2. 
b. (CF) - (CH) «(FH) Pythagorean Theorem 


S (x42) + (x Substitute given values 
-2x +x" Simplify 
=3x° 


CF - A3x* or CF =-V3x° 
=x V3 This is impossible. 
The length of any diagonal that passes through the center of the cube will be xv. 


75. The complement of 61° is 90°-61° = 29°. 
The supplement of 61° is 180°-61° =119°. The answer is d. 
77. The longest side is 6. The shortest side is one-half the longest side. Therefore it is 3. 


The side opposite the 60° angle is 34/3 . The answer is c. 
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1.2 The Rectangular Coordinate System 


EVEN SOLUTIONS 
2. The unit circle has center (0, 0) and a radius of 1. 
4. The notation 6 EQUI means that 0 is in standard position and its terminal side lies in quadrant three. 


6. Coterminal angles are two angles in standard position having the same terminal side. We can find a coterminal angle 
by adding or subtracting any multiple of 360°. 


8. The formula for a circle with center (h, k) and radius r is (x - hy + (y - ky =r°. 
10. The ordered pair (4,2) lies in the first quadrant. 12. The ordered pair (-1,-v3 ) lies in the third quadrant. 


14. Graphing the line: 16. Graphing the line: 


Y 
18.  Allthe points have positive y-coordinates in quadrants I and II. 


20.  Theratio — is also negative in quadrant IV, since x is positive and y is negative in that quadrant. 
M 


22. Graphing the parabola: 24. Graphing the parabola: 


ysie -2y44 
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26. The negative value of a reflects the parabola across the x-axis (so that it now points down): 
y a=5 


a=-5 


28. When k <0, the parabola is shifted down and when k > 0, the parabola is shifted up: 
k=3 


Y 
30. The vertex of the parabolic path of the human cannonball is (80,60), so the equation of the path is 
y - a(x - 80)? +60 . Substituting the point (160, 0): 
0 = a(160 - 80)? 60 


-60 = 6400a 
FER M es 
6400 320 
Thus the equation is y = - en — 80 Y + 60 . Substituting x = 40 and x = 140: 


320 
3 2 
x= 40: ye (40-80) +60=45 feet 


x=140: y= --(140 -80)? +60 = 26.25 feet 


These values are verified using a graphing calculator. 


32. Using the distance formula: r = (7-4)? «(1-87 = 432 +(-7)? =V9+49 = V58 
34. Using the distance formula: r = (0+ 8)" (6-0)? 2 82 +67 = 644 36 = /100 - 10 


36. Using the distance formula: r = /(1+5)* +(-2-8)* = 46? +(-10)? = 4364100 = V136 = 24/34 
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38. Using the points (0,0) and (-5,5) in the distance formula: 


r=y(-5-0) «(5-0? - q(-5Y «5? = 25425 = V50 = 542 


40. Using the points (7,y) and (3,3) in the distance formula: 
(3-7)? «c1-»* = 


416«(-1-yY? =5 


16+(-1-y)* =25 


(-I-yy’ =9 
-l-y=+V9 - 23 
-l-y=3 or -l-y=-3 
-y=4 or -y=-2 
y=-4 or y=2 


42. Since the triangle from home plate to first base to second base is a right triangle, use the Pythagorean Theorem. 
Let x represent the distance from home plate to second base, so: 


60? + 607 = x? 
3600 + 3600 = x? 
x? = 7200 
x = 47200 = 604/2 


The distance is 604/2 = 85 ft. 
44. Since the distance from home plate to second base is 604/2. ft, the distance from home plate to the pitcher's mound is 


3042. ft, so the coordinates of the pitcher's mound are (3042 .0) . Since the distance from the pitcher’s mound to 
either first base or third base is also 3042 ft, the coordinates of first base are (30/2 ,-a042 ) and the coordinates of 
third base are (3042,30 2 E 


J2Y 
46. Substituting the point | - - : + : =] 
2.2 
] SY 4 5 
48. Substituting the point | - zer. +—=1 
-5 9 9 


50. The circle with have a center of o ) and a radius of 6. S aaphing the circle: 


Y 
52. The two points are (-0.25,0.9682) and (-0.25,-0.9682) . The —0.25 value is exact. 
54. The two points are (0.7454,0.6667) and (0.7454,-0.6667) . 
56. The two points are (0.8,0.6) and (0.8,-0.6) . Note that these values are exact. 
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58. Note that graphing the line and circle together results in two intersection points: 


The intersection points are (0,-6) and (6,0) ? 
60. Note that graphing the line and circle together results in two intersection points: 


y=-2x y 
14 
rt+y=l 
< > xX 
-1 1 
=l Y 


The points, however, may not be readily apparent. Substituting y 2 -2x into the equation for the circle: 


x (xy «1 


x? «4x? -1 
5x?-1 
yal 
5 
1 5 
Xx =+—— =+— 
5 5 
Since y =—2x , the two intersection points are (5-25) and [CE 2 


62. The complement is 90° -90° =0°. 

64. The complement is 90°-30° =60° . 

66. The supplement is 180° - 30° = 150° . 

68. The supplement is 180? -135° 2 45° . 

70. The angle between 0° and 360° which is coterminal with —45° is 315°. 
72. The angle between 0° and 360° which is coterminal with —300? is 60°. 
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74. Drawing 225° in standard position: 


u 


Y 
A positive angle which is coterminal with 225? is 585°. A negative angle which is coterminal with 225° is —135°. 
76. Drawing —330? in standard position: 


u 


Y 
A positive angle which is coterminal with —330? is 30°. A negative angle which is coterminal with —330? is —690?. 
78. Drawing 45? in standard position: 


y 


a. A point on the terminal side of 45° is (1,1) ; 


b. The distance to that point is r = (1-0) «(1-0 = V1+1 = V2. 
c 


Another angle which is coterminal with 45° is —315°. 
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80. Drawing 315? in standard position: 


a. 


b. 
c. 


Y 
A point on the terminal side of 315? is (2,-2) : 


The distance to that point is r = (2 — 0? +(-2- 0)? =V44+4 = V8 =2V2. 


Another angle which is coterminal with 315? is —45?. 


82. Drawing 360? in standard position: 


a. 


b. 
c. 


y 
A 


360° 
æ- i x 


A point on the terminal side of 360° is (5,0) : 


The distance to that point is 5. 
Another angle which is coterminal with 360° is 0°. 


84. Drawing —90? in standard position: 


Chapter 1 


F 


-90° 


A point on the terminal side of —90° is (0,-3) , 
The distance to that point is 3. 
Another angle which is coterminal with —90? is 270°. 
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86. For any integer k, -60°+ 360° will be coterminal with —60?. Other answers are possible. 
88. For any integer k, 180? - 360?k will be coterminal with 180°. Other answers are possible. 
90. Drawing 60? in standard position and labeling the point (2,5) ; 


y 
A 


(2,b) 


Y 
Since 2 is the shorter side of the triangle (opposite the 30° angle), the value of b must be b = 2/3 
92. Drawing an angle whose terminal side contains the point (2,-3) : 


Using the distance formula: r = (2 -0% +(-3-0)? = 42? +(-3)? = V449 = V13 


94. Plotting the points: 


Y 
Note that a = 3, b = 4, andc = q(-3- 0)? + (-2- 2? = ¥(-3) +(-4 = J9 «16 = V25 =5 . Sincea? +b? =¢°, 


by the Pythagorean Theorem these points form a right triangle. 
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96. Pascal’s triangle appears as: 


1 4 6 4 1 
1 5 10 10 5 1 
1 6 15 20 15 6 1 


These numbers are the coefficients of the expansion of (a + b)” , where n represents the line number of the triangle. 
The first few expansions are: 


(a+b) - à? +2ab +b? 

(a * by =a? « 3a? b + 3ab? +b? 

(a+ by =a‘ « Aaà?b + 6a? D? + Aab? + p^ 

(a+b) =a” Sa ^b +10a°b? + 10a? b? + 5ab4 4 p? 


(a bY6 - a6 +6a°b +15a*b* + 20a°b? «15a? b^ + Gab? 4 6 
This pattern continues for all natural numbers n. 


98. Using the distance formula: d = (4 +2)? « (5-8)? = 46? +(-3} = J36«9 = V45 = 345 


The correct answer is b. 
100. A coterminal angle is 160? — 360? = —200?. The correct answer is d. 


ODD SOLUTIONS 
1. quadrants, I, IV, counterclockwise 3. (0,0), 1 
5. quadrantal 7. d= Vx -x,) *(»-») 


9. Since x is positive and y is negative, the point (2,-4) must lie in quadrant IV. 
11. Since x is negative and y is positive, the point (-V3.1) must lie in quadrant IT. 


13. If we let x =0, the equation y=x becomes: y=0. This gives us the point (0,0) , 


If we let x =2, the equation y 2 x becomes: y=2. This gives us the point (2.2) ; 
Graphing the points (0,0) and (2, 2) and then drawing a line through them, we have the graph of y 2 x . 


15. If we let x 2 0, the equation y= Zx becomes: y = 50) =0 
This gives us (0,0) as one solution to y= ls ; 
2 
If we let x = 4, the equation y= Zx becomes: y= Za) =2 


This gives us (4, 2) as a second solution to y= Zx ; 

Graphing the points (0,0) and (4, 2) and then drawing a line through them, we have the graph of 
-—X. 

$ 2 


17. Quadrants II and III lie to the left of the y-axis. Therefore, all points in these two quadrants 
have negative x-coordinates. 


19. In quadrant III, x and y are always negative. Therefore the ratio * will always be positive. 
21. The vertex of this parabola is at (0,-4) . 


Chapter 1 Page 17 Problem Set 1.2 


O 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


23. The vertex of this parabola is (-2,4) . 
If we let x 2-1, the equation y=(x+ 2r +4 becomes 
y=(-1+2)'+4 
2144-25 
This gives us (-1,5) as a point on the curve. 
If we let x = 0, the equation y 2 (x 2y +4 becomes 
y=(0+2) +4 
= 274408 
This gives us (0, 8) as a point on the curve. 
Using the symmetry of a parabola, the points (-3,5) and (-4,8) will also be points on the curve. 
Graphing the points (0,8),(-1,5),(-2,4),(-3,5) and (-4,8) and then drawing a smooth curve 
through them, we have the graph of the parabola y=(x+ Dy +4. 
29. The cannonball is on the ground (y = 0) when x = 0 and when x = 160. The x-coordinate of the 
vertex (the maximum) will be at + (160) or 80, and the y-coordinate will be 60. 
We can now sketch the parabola through the points (0, 0), (80, 60), and (160, 0). 
The equation will be in the form y=a(x- 80)" +60. We will use the point (160, 0) to find a. 
Let x 2 160 and y 2 0: 
y -a(x-80) +60 
0 =.a(160-80) +60 
-60 = a(80) 
—60 = 6400a 
= 3 
320 
Therefore, the equation is y= e - 80) +60. 
31. r= Jos -x)*(.-») Distance formula 
-A(3- 6) +(7- 3)" Substitute given values 
= (-3) +4? Simplify 
=V9+16 
- 425 =5 
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If we let x =-2, the equation y=x*-4 becomes y= (-2)° -4 


=4-4=0 
This gives us (-2,0) as a point on the curve. 
If we let x 2-1, the equation y 2x? -4 becomes y= (-1Y -4 


dod ci 
This gives us (—1,-3) as a point on the curve. 


Using the symmetry of a parabola, the points (2,0) and (1,3) will also be points on the curve. 


Graphing the points (-2,0), (-1,-3), (0,-4). (1,-3), and (2,0) , and then drawing a smooth 


curve through them, we have the graph of the parabola y2x^-4 . 
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33. r= Jos -x,) (»-) Distance formula 
= (0-5 «(12 -0y' 
= (C5) «12? Simplify 
2.254144 
= 169 =13 
35. r= Jos -x,) *(x-») Distance formula 
«4 [-1-C10)[ «(-2-5Y 
= 9* +(-7)" 2481449 = 130 Simplify 
37. r= Jos -x,) *(x-») Distance formula 
= (3-0) «(-4-0)' 
= (3) «(74) Simplify 
= 9416 - 425 =5 
39. r- N -x)*(»x-a) Distance formula 
413. =,/(x-1) «(2-5y 
V13 - J(x-1) «(-3) Simplify 
V13 - J(x-1) «9 
13 =(x- 1) +9 Square both sides 
4 =(x-1) 
+2 -x-1 
x-1 22 or x-1--2 
x=30r x=-l 
41. First, we convert 1.2 miles to feet: 1.2 mi = 1.2(5,280) ft = 6,336 ft 
c.g. 
- (2,640) « (6,336) 
= 6,969,600 + 40,144,896 Simplify 
-47,114,496 
c = 6,864 ft (or 1.3 mi) 
43. The x-axis goes from home plate to first base, a 
distance of 60 feet. Therefore, home plate is 
(0, 0) and first base is (60, 0). 
The y-axis goes from home plate to third base. 
Therefore, third base is (0, 60). Second base will be 
at (60, 60). 
45. We substitute x -0 and y 2-1 into the equation of the unit circle and we get: 
x+y? =0° +(-1) 
=0+1=1 It checks. 
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Substitute given values 


Substitute given values 


Substitute given values 


Substitute given values 


Subtract 9 from both sides 
Use the square root method to solve 


Pythagorean Theorem 


Substitute given values 


Take square root of both sides 
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47. We substitute x = ; and y- 2 into the equation of the unit circle and we get: 
T DUET 
x +y 2|—-| *|— 
2 2 
- (2 * B =1 It checks. 
4] \4 
49. The center of this circle is (0, 0) and the radius is 5. 
57. From the graph of x+y’ 2 25, we can see that (0, 5) and (5, 0) are the points at which the line 
x+y=5 will intersect the circle. 
59. Solving this system of equations by substitution,, we get: 
vty =l x 4x = 
y=x 2x! =1 
2 1 
X = — 
2 
1 2 
x=+|—=+— 
2 2 
2 2 2 2 
If x=—,y=—. If x =-—, y=-— 
2 4 2 2 4 2 
The solution is 42 v2 and E E ] 
2 2 2 2 
61. The complement of a 45° angle is 90 -45° = 45". 
63. The complement of a 60' angle is 90° -60° = 30°. 
65. The supplement of a 120° angle is 180° -120° = 60°. 
67. The supplement of a 90° angle is 180° - 90° = 90°. 
69. An angle coterminal with an angle of -135° is -135° +360° 2 225". 
71. An angle coterminal with an angle of -210' is -210° € 360' 2150". 
73. This angle in standard position lies in quadrant IV. 
One revolution in a positive direction gives us: 300° + 360° = 660° 
One revolution in a negative direction gives us: 300° — 360° = -60° 
75. This angle in standard position lies in quadrant III. 
One revolution in a positive direction gives us: -150' + 360' 2 210" 
One revolution in a negative direction gives us: -150° - 360° = -510° 
TT. a. If we draw 135° in standard position, we see that the terminal side is along the line y 2-x . 
Since the terminal side lies in the second quadrant, x is negative and y is positive. Some of 
points on the terminal side are (-1,1),(-3,3), and (42.42). 
b. To find the distance from (0, 0) to (73,3), we use the distance formula: 
r-A(-3-0y «(3-0)' 
-C3y «(3) 
24949 
= V18 -342 
c. One revolution in a negative direction gives us: 135' - 360' = -225° 
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79. 


81. 


83. 


85. 
87. 
89. 


91. 


93. 


. If we draw 225'in standard position, we see that the terminal side is along the line y 2 x . 


Since the terminal side lies in the third quadrant, x and y are both negative. Some of 
points on the terminal side are (-1,-1),(-3,-3), and (-V2,-v2). 


. To find the distance from (0, 0) to (-3,-3), we use the distance formula: 
= (-3-0) +(-3-0)' 


-AC3) +(-3)° 
- 949 - 18 = 342 


. One revolution in a negative direction gives us: 225° - 360° = -135° 
. If we draw 90" in standard position, we see that the terminal side is the positive y-axis. 


Some of the points on the terminal side are (0,1),(0,2), and (0,3). 
. The distance between (0, 0) and (0, 3) is 3 units. 


. One revolution in a negative direction gives us: 90° - 360° = -270° 
. If we draw —45' in standard position, we see that the terminal side is along the line y=-x. 


Since the terminal side lies in the fourth quadrant, x is positive and y is negative. Some of 


points on the terminal side are (1,-1),(3,-3), and (v2.-42). 


. To find the distance from (0, 0) to (3,-3), we use the distance formula: 


= (3-0) +(-3-0) 


= (3) +(-3)° 
=/9+9 
= 418 =3V2 


c. One revolution in a positive direction gives us: —45' + 360° = 315° 


For any integer k, 30° + 360°k will be coterminal with 30° . 


For any integer k, —135* + 360°k will be coterminal with -135° . 


The side opposite 30° is 1. 
The side opposite 60° is 143 or V3. 
Therefore, the point is (V3 5 


En 
We will find the lengths of the three sides: 
From (0, 0) to (5,0) is 5 units. 
From (5, 0) to (5, 12) is 12 units. 
From (0. 0) to (5, 12), we use the distance formula: 


If this is a right triangle, then c^ =a’ +b’. 
We check: 13° 2 5? +12? 

169 2254144 

169 2169 It checks. 
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97. If a point (x,y) lies on the unit circle, then x+y’ =1. Testing the given points, we find that (a) is 
2 
3) (v7) _9 7 16 
true: + =—+—=— -=l 
4 4 16 16 16 
99. To draw 140° in standard position, place the vertex at the origin and draw the terminal side 140° 
counterclockwise from the positive x-axis. The answer is a. 
1.3 Definition 1: Trigonometric Functions 
EVEN SOLUTIONS 
2. In quadrant I, all of the six trigonometric functions are positive. In each of the other three quadrants, only two of the 
six functions are positive. 
4. The tangent and cotangent functions do not depend on the value of r. 
6. Begin by finding the distance r from the origin to (-4,-3): 
r= 4c4 - 0»? +(-3-0)* - 41649 = 25 =5 
Now applying the definitions for the six trigonometric functions using the values x 2 —4, y = 3, and r = 5: 
ani ee eee 
r 5 y 3 
ogs tauni UR ANE) 
r 5 x 4 
osda 2 eee se 
x 4 4 y -3 3 
8. Begin by finding r = v02) +(- 5) = 4144 + 25 = 4169 = 13. Now applying the definitions for the six 
trigonometric functions using the values x = 12, y = -5, and r = 13: 
NUES AREIS: d "LR E 
r 13 y 5 
iiis ade opas uu 
r 13 x 12 
e EN: ry ae ee 
x 12 y 5 
10. Begin by finding r= X6? «6? = V36 +36 = 472 =6V2 . Now applying the definitions for the six trigonometric 
functions using the values x 26, y=6,andr= 64 : 
sino- -L-42 degat 282 ui 
642 42 2 y 6 
ECONCONO x 6 
Gage ea ditor usd 
x 6 y 6 
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2 
12. Begin by finding r = TE + (v5) =V4+5 =J9 23. Now applying the definitions for the six trigonometric 


functions using the values x 2 —2, y= V5 ,and r = 3: 


sing - J - 3. usd Paro BNO. 
r 3 y J5 5 
RAT E gei. 
3 x 2 
paper os DRE C ETE 
2 J5 5 


14. Begin by finding r = y4? +0? = V16 =4 . Now applying the definitions for the six trigonometric functions using 
the values x = 4, y 20, and r = 4: 


anes 20 eee. which is undefined 
r 4 y 0 

doute cs iat atus 
r 4 x 4 
y 0 x4 ENS 

tanü =—=—=0 cot @ = — 2 —, which is undefined 
x 4 0 


16. Begin by finding r = Vm? +n? . Now applying the definitions for the six trigonometric functions using the values 


x=m,y=n,and r=ym «n? : 


y n r m^ 4n? 
sin 0 = ^ = ————— csc 0 = — = 

E m? « n? y us 

x m r 4m? «n? 
cosü-—- sec 0 = — = ————— 

r m +n * m, 

n m 

fànge = £ cot@ = — = — 

x m y n 


18. Begin by finding r = V6) + -2 = 436 + 4 = 440 = 2410 . Now applying the definitions for 
sin, cos@, and tan@ using x = -—6, y = —2, and r= 2/10 : 


sing => = = __vi0 ioi e c ID mies see 
r 24/10 — 10 2410 10 x -6 3 


20. Begin by finding r = V3)" + (2B. = V9 +64 = V73 . Now applying the definitions for sin@, cos@, and tan 0 
using x 23, y = -8, and r- A73: 
sing ==- : _ _8V73 cie d LONE lane uc 
VB 73 r JSB 73 x 3 
22. Begin by finding r: r= 4.63 +(6.25 ? = 413.1769 + 39.0625 = V52.2394 = 7.2277 
Now applying the definitions for sin@ and cos@ using x = 3.63, y = 6.25, and r = 7.2277: 
6.25 x 3.63 


sinð = Ù = C 24) 585 cos = So" = 0.502 
r 7220 r 72277 
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24. Drawing 225° in standard position: 


(-1.-1) 


Y 
A point on the terminal side is (-1,-1) . Now find r = 4c»? + (oy cix sa. Appling the definitions 
for sin 225°, cos 225°, and tan 225°: 


duse. I NE cs25 2X. LN? tan225* - 2 2 1.4 
r x13. 2 r p, 2 x -l 
26. Drawing 180? in standard position: 
n 
180° 


Y 
A point on the terminal side is (-1,0) with r= 1. Appling the definitions for sin 180°, cos 180°, and tan 180°: 


28. Drawing —90? in standard position: 


(0-1) 
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A point on the terminal side is (0,-1) with r = 1. Appling the definitions for sin (-90°), cos (—90°), and tan (—90°): 


-1 -1 
sin(-90°) = = = — = -1 cos(-900)2—2—-20 tan(-90?) = fa T which is undefined 
x 


r l r 1 
30. Drawing —135° in standard position: 


(-1.-1) 


Y 
A point on the terminal side is (-1,-1) . Now find r = 4c + G17 eade. Appling the definitions 


for sin (—135°), cos (-135°), and tan (-135?): 


1 V2 1 J2 


diclis So uec elise yai enc ium 
F r 


J2 2 


tan(-135°) = > 
X 


32. This statement is true. 34. This statement is false. 


36. Sincer=x, £ 2> 1. Thus sec@ = 1 , so there is no angle 0 such that sec 0 = : 
x 


38. Since y<r, Z <1.Thus sin@ «1 for any angle 0. 
r 


40. The value of cos@ tends toward O as 0 increases from 0° to 90°. 
42. As O increases from 0° to 90°, the value of sec tends towards 1. 
44. 0 could terminate in quadrant II or quadrant IV. 

46. 0 could terminate in quadrant III or quadrant IV. 

48. 0 could terminate in quadrant II or quadrant IV. 

50. 0 could terminate in quadrant I or quadrant II. 


52. If sinO is positive, y>0, and if cos@ is negative, x < 0, so the terminal side of 0 must lie in quadrant II. 
54. csc and cot@ are both positive in quadrant I, and csc and cot0 are both negative in quadrant IV. Thus csc@ and 


cot 0 have the same sign in quadrants I and IV. 
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56. If cos = a , we can choose x = 24 and r = 25. To find y, use x 4+ y? wir 
24 +y? 2 25" 
576 + y? = 625 
y? - 49 
y=+7 
Since 0 terminates in quadrant IV, y < 0 and thus y = —7. Using x = 24, y = -7, and r = 25 in the definitions: 
side eu dela 
r 25 x 24 
dude esc Spee Sa 
x 24 y 7 
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58. If sn@= -5 , we can choose y = —20 and r = 29. To find y, use x^ y? =r’: 


x? +(-20)* = 29? 


x? 4 400 = 841 
x? - 441 
x= +21 
Since 0 terminates in quadrant III, x < 0 and thus x = —21. Using x = 221, y = —20, and r = 29 in the definitions: 
doe a PLE: ine eee 
29 y 20 X 21 
latio e. E 
x 1 20 


60. If sind =? we can choose ys and r = 2. To find x, use x+y’ =r: 


i +2=4 
x? 22 
DER 
Since 0 terminates in quadrant IL, x < 0 and thus dixic Using rr y- V2 „andr = 2 in the definitions: 
sing 3 X2. ipso? 5 E ME NECS 
r 3 y RI eum. 
Ua e AE cio ud 
x -y2 y 42 
62. If tan0 - 3 and 0 terminates in quadrant IV, x » 0 and y < 0, so choose y = —3 and x = 1. Finding r using 
2 2 2; 
x +y =r: 
153) =r? 
149-7? 
r? =10 
r - A10 
Using x = 1, y = 23, and r - J10 in the definitions: 
sing => = = __3vi0 UR NECI cotð =% =- 
r 10 10 y 3 y 
cosg- Žž- -L-0 sec0 - = V10 
r 10 10 x 
64. If secO= = , we can choose x = 5 and r = 13. To find y, use x +y =r: 
B^ ay 13? 
5? +y? 2169 
y? -144 
y=+12 
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Since sin <0, y <0 and thus y = -12. Using x = 5, y 2-12, and r = 13 in the definitions: 


oa miT ea PERN 
r 13 5 y 12 
UNE MCA aoet sue 
r 13 12 
66. If cot =- and sin0 >0,y>0,so choose y = 4 and x = -1. Finding r using x? +y =r°: 
(D? +4 =r? 
1416 =r? 
r?° =17 


Using x = —1, y = 4, and r= J17 in the definitions: 


dupli. * vp iuge oT tang - 5-4 
r A7 du y 4 y 
cosĝð =~ =- : BEST secü = =-J17 
r A7 y x 


m | . - 
68. If cot@=—, we can choose x = m and y = n, so r= m+n. Using the definitions: 
n 


2 2 
; n r Nm +n n 
sin@ = > = ——_ csc 0 = — = ————_ tan@ =% == 
is m? «n? M N Ae lt 
"TE: m dnt Vm? +n? 
COS U = — = -= sec 9 = — = ————— 
T Ym +n? x m 


70. a. If tan0 =1 , the angelis 02 45°. 
b. If tan0 =-1 , the angel is 0 =135°. 


72. Apointon y= $t in quadrant III is (-2,-1) , so choose x = 2 and y = -1. Thus r= VE? +CD? 2 441245. 


Using the definitions: 


74. A point on y= -3x in quadrant IV is (1,-3) , so choose x = 1 and y = 3. Thus r = 4r «C3 =v1+9 - A0. 
Using the definitions: 


y 3 3/10 


sinĝ ===- -- tang - 3 - — 2-3 
r x 
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76. Drawing 45° and —45° in standard position: 


Y 
Let (x, y) represent a point on the terminal side of 45?. Then (x,-y) will represent a point on the terminal side 


of -45°. Therefore: sin(-45?) = È = -J = - sin 45° 
r r 
78. If sin@= -$ we can choose y = —6 and r = 10. To find x, use x 4 y? wr 


x? «(-6)? -10? 


x? 436 -100 
x? - 64 
x=+8 


Note that both values of x are possible, since the points (8,-6) and (-8,-6) both satisfy the condition sin@ = — i , 


80. The value of cos@ tends toward 0 as @ increases from 0° to 90°. The correct answer is a. 


82. fsin0- T , we can choose y = 4 andr = 5. To find x, use x 4+ y? =r’: 
+4 5 
x^ +16=25 
x? =9 
x= +3 
Since 0 terminates in quadrant II, x < 0 and thus x = —3. Thus tan 0 = 2a d . The correct answer is a. 
x 
ODD SOLUTIONS 
1. terminal, distance, origin 
3. tangent and secant, cotangent and cosecant 
5. (x,y) - (3.4) ingre soils. 
r 5 y 4 
x23 and y=4 IN a uua 
o» x 3 
r2N3 «4 tang - 2 - À buta. 
x 3 y 4 
= 49416 
= V25 =5 
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y 
7 x,y) 2 (-5,12 Q2—-2— cotü 2 =— =-— 
(at P r 13 y 12 12 
x=-5 and y=12 EE sede ee 
X — 
r= (-5Y +12” PT rie oe E T RUE. 
x -5 5 y 12 
24254144 
= 4169 =13 
9 (x,y) =(-L-2) sing - 3-72. 295 Sipe = 
r 45 5 y -2 2 
x=-l and y=-2 conde Xn hw SS woo 228. s 
X — 
r- (-1)’ «(22 pipi ONCE Fe 
x -l y -2 2 
=V14+4 =VJ5 
11. (x,y) -(V3.-1) Gee eee Pr ac eee C 
r 2 2 y 1 
ca and y 2-1 coso-2 3 $8 - ^. 2, 23 
r 2 x ae 3 
2 2 y -l J3 2 
- 3| +(-1 tang = = = —= = -— csc = — = — = -2 
r=y(¥3) +(-1) xvm 3 zi 
=V3+1 
wal ded 
; y -5 x 0 
13. (x,y) =(0,-5) sind - 2-—--1 cotü =—=—=0 
r 5 y -5 
x 0 r 5, z 
x=0 and y=-5 cosĝð =—=—=0 sec = — =— is undefined 
r 5 x 0 
2 y -5. : ro 
r 2 40^ +(-5) tanü- 2-—- is undefined — cscü - —— — --1 
x 0 y -5 
2425 =5 
15. (x,y) =(-9a,-12a) diet sees ise arde 
r 15a 5 y -l2a 4 
x=-9a and y=-12a TN C MET uud adu. 
r 15a 5 x -9a 3 
r= (-9a) +(-12a)’ dpud cat Soe Pe S 
x -9a 3 -12a 4 


=V81a?+144a? = 42250 - 15a 
17. (4, 3) lies on the terminal side of 0. Therefore, x 24, y 23, and r= 44^ +3 =V1649 2425 =5. 


iget disp re E 
r 5 r 5 x 4 
19. (-7,6) lies on the terminal side of 0. Therefore, x=-7,y=6, and r-A(-7) «6 2449436 - 85. 
age ee i EM cos@ =~ = = E! E ings) ei AE 
r 485 85 r «85 85 x -7 7 
Chapter 1 Page 29 Problem Set 1.3 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


(undefined) 


increases, 


21. (x,y) =(9.36,7.02) sin@ = —=—— =0.6 
r 117 
x=9.36 and y=7.02 is Ue = ca 
r 11.7 
r - (9.36) « (7.02) 
= y 87.6096 + 49.2804 
= 136.89 =11.7 
23. The terminal side of 135° in standard position lies on the line y=-x. A point on this line 
in quadrant II is (-1,1). 
x=-1,y=1 and r=,(-1) +P =vi+1= 2. 
didis E UN NONE) tang =~ 
r J2 2 PC 2 x 
25. A point on the terminal side of an angle of 90' is (0,1). 
x=0,y=1 and r2 0? +} 2 J1-1. 
digi dpt eg tang =~ 
r l r ol x 
27. The terminal side of —45' in standard position lies on the line y 2—x. A point on this line 
in quadrant IV is (1,-1). 
x=1, y=-l,and r 2 JI «(-1) =vi+1= 2. 
duode. NP Bp d E Pool 
K xA 2 r 42 2 x 1 
29. A point on the terminal side of an angle of 0° is (1,0). 
x21, y=0,and r2 JI «0? 2 1-1. 
sind=2=—20 cosü =—=-=1 tang => 
r l r * 
31. We have chosen P and Q on the terminal side of 35° and 45° , so that 
the x-coordinate is the same for both. Because 35' is less than 45° , we 
can see that r, « 5. 
We also know that cos35° =~ and cos45° =~. As the denominator of a fraction 
n E 
its value decreases. Therefore, cos35° > cos45° and the statement is false. 
33. We have chosen P and Q on the terminal side of 60° and 75° , so that 
the x-coordinate is the same for both. Because 60’ is less than 75° , we 
can see that r, <n. 
We also know that sec60° =% and sec75/ =~. 
x x 
Since 7, «r,, sec60° <sec75° and the statement is true. 
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35. 


37. 


39. 


41. 


43. 
45. 
47. 
49. 
51. 


53. 


55. 
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sind =~ where x+y =r? 
r 
Assume sinÜ -2 where y=2 and r=1. 


Then x2 zr -y 


2241-4 22-3 which is not a real number 
Therefore, it is impossible to have any 0 such that sin@ =2. 
r 


y 


Since x^« y - r^, we know that |r|=|y|. Then it is also true that |- = 


: a 
y 
I herefore, we can conclude that [csc 6 z 1 . 


A point on the terminal side of 0 =0° is (1,0). Therefore, x=1, y=0,and r=1. 


r 1l 


As 0 increases from 0° to 90°, the value of sin@ increases to the number 1. 

As explained in Example 4 of the textbook, since tan can be interpreted as the slope of the terminal side of 0 , 
tan@ will become larger and larger. Therefore, as @ nears 90°, the slope of the terminal side approaches infinity. 
From Table 1 in the textbook, sin@ will be positive in quadrant I or quadrant II. 

From Table | in the textbook, cos@ will be negative in quadrant II or quadrant III. 

From Table 1 in the textbook, tan@ will be positive in quadrant I or quadrant III. 

From Table 1 in the textbook, csc will be negative in quadrant III or quadrant IV. 

The sine function is negative in quadrants III and IV. 

If tangent function is positive in quadrants I and III. 

Therefore, sinO is negative and tanO is positive in QIII. 

The sine function is positive in quadrants I and II. 

If tangent function is positive in quadrants I and III. 

Therefore, both functions are positive in quadrant I. 

The sine function is negative in quadrants III and IV. 

If tangent function is negative in quadrants II and IV. 

Therefore, both functions are negative in quadrant IV. 


sin = Zo 1s and @ terminates in QI sing = — sec 9 = 
F. 


[72 
[e] 
[e] 
D 
ll 


y=12 andr= 13 cos6 = 


e 
[72 
e 
D 
ll 


x+y =r tan = 


ie RIS RIS 
i 
oo ea veo 


x «(12). - (13) 
x^ +144 =169 
X «25 
x=+5 
Since 0 terminates in QI, x must equal 5. 
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57. 


59. 0 terminates in QIV. Therefore x is positive and y is negative. 
x v3 
cos @ = —- — 
r 2 
Therefore x = NI andr=2 
V+yer agat uot P E en c 
r y 1 
3 r 2 243 
48y + XE cos = — sec 9 = — = —— = — 
(V3) «6 =(2) 5 geri 
3«y!-4 bise decens unies lr 
X J3 3 y 1 
y =l 
Therefore, y 2-1 because 0 is in QIV. 
61. 0 terminates in QIII. Therefore, both x and y are positive. 
tang - = a = = 
x 4 -4 
Therefore x=-4 and y=-3 
Fux ey ange CUM oio om 
r 5 5 y -3 3 
- (-4Y «(-3y sont ees gene wee 
fe 5 x -4 4 
= V16+9 Gies. RUE) 
4 y -3 3 
= /25 -5 
63. The cosecant function is positive in QI and QII. The cosine function is negative in QII and QII. 
Therefore, 0 is in QII, where x is negative and y is positive. 
r 13 
csc 9 = — = — 
y 5 
Therefore y=5 and r=13 
V+yer sigs) a T E e le 
r 13 y 5 5 
x!-5!213? idus ie cde sese a Eo e Ld9 
r 13 13 x -12 12 
x! 425 169 dde uu co esco - 12 
x -12 12 5 
Chapter 1 Page 32 


O 2017 Cengage Learning. All Rights Reserved. 


0 terminates in QII. Therefore, x is negative and y is positive. 


dida ia ceo 
r 29 
Therefore, x 2 -20 and r = 29 
x.y-p npud ar eee ee 
r 29 y 21 21 
20 r 29 29 
-207 «(yY =(29) cos @ = -— sec 9 = — = — = -— 
( ) () ( ) 29 x -20 20 
400 + y? =841 müpco E E E 
x -20 20 21 
y’ =441 
y =+21 


Therefore, y=21 because 0 is in QII. 


Problem Set 1.3 


. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


x? =144 
x=+12 
Therefore, x =-12. 


65. coté is positive in QI and QIII. cos@ is positive in QI and QIV. 
Therefore, 0 is in QI and both x and y are positive. 


p ee 
y 2 
Therefore, x = 1 and y 2 2. 
x.y-r sing- 2. 2, 295. egos 
r J5 5 2 
P+ =r E t= NS ie EN 
r J5 5 1 
144=r° tan@=2=—=2 ese == 
Y 
r’ =5 
r 245 because r is always positive. 
67. tan@ = where a and b are both positive 
b 
tan0=}2=2 sing => = 2 ag- 
x b r da^ «b y a 
2 2 
Therefore, x - band y- a. cosĝ0=%= p sec =— = Li 
r dap b 
2 p 
r=Va +b tand == cscü - 2 MT ui 
y a 


69. a. If sinü - -1,then y--1 and r=1. Using x^ «y! =r’, we find that (y -y! - Y! and x=0. 
Therefore, the point on the unit circle is (0,-1) . If we refer to figure 22 in section 1.2, we see that 0 = 270°. 
b. If cosü --1,then x 2-1 and r=1. Using x°+y =r’, we find that x^ +(-1) =1° and y=0. 
Therefore, the point on the unit circle is (-1,0) . If we refer to figure 22 in section 1.2, we see that 0 2180'. 


71. The terminal side of 6 lies in QI. The point (1,2) lies on y = 2x in QI. 
x=1 and y22 


ra x+y sing =2 = 2_ = 2N5 
=y +2’ TUS L-35 
e xd nals 


73. The terminal side of @ lies in QII. The point (-1,3) lies on y - -3x in QII. 
x=-1 and y=3 


E digo. c3. BNO 
=,(-1) +3? 2419 =V10 esl dq 
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75. The point (1,1) lies on the terminal side of 45° in QI. 
Therefore, x 21, y=1, and r2 Jx^«y? 2 JP «1? 22 
cos45° = nm ES = v2 

r J2 2 
The point (1,-1) lies on the terminal side of -45° in QIV. 
Therefore, x= 1, y=-l,and r 2 JT +(-1) Sen ert, 
cos(-45°) sta ES - v2 
r J2 2 
77. eee: x=5 and r=13 
r 13 
x +y? X r? 
5 +y =13 
y’ +25 =169 
y? -144 
y=+12 
79. If x=1 and y=-3,then r - JT «(-3y = J1+9 - 10 . Therefore, 
cosü =~ = eo = yi The answer is d. 
r 10 10 
81. The cosine function is negative in quadrants I and IV. The answer is c. 
1.4 Introduction to Identities 

EVEN SOLUTIONS 

2. The notation cos? @ is a shorthand for (cos ey ; 

4 a. iii (cosine) b. i (secant) c. ii (cosecant) 

6. The reciprocal is = ; 

. ER S. 

8. The reciprocal is -— . 

12 
: ; 3 

10. The reciprocal is eres 

12. The reciprocal is e 

14. Using the reciprocal identity: sec0 = PM EE 42 

' d cos 427 42 

16. Using the reciprocal identity: sin0 = — -— — 

l csc 0 -13% 13 
5 
18. Using the reciprocal identity: tan 0 = a = E. --m 
coté -V 
m 
. o 24/13 
; a 25 sin 13 2 
20. Using the ratio identity: tan@ = = = 
cos0 S13 3 
13 
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22. 
sing A 3 
2 
24. Finding cos? 0: cos? 0 = (cos0)}? = E -Ż 
Doo N 
26. Finding sec? @: sec?0 = (sec0)? = i =-— 
3 27 
cosü -7 5 13: a5 
28. Using the ratio identity: cot 0 = —— = = 
sing -12 13 12 
: : . f 1 13 
30. Using the reciprocal identity: csc 0 = —— = = 
sing -12 12 
13 
2 
ao: Finasa Org cries Oxi) |) ate 
13 169 169 
: : : ; j 25 5 
Since 0 terminates in quadrant I, sin@ » 0, and thus sin@ = ,|—— - — 
169 13 
2 
aa, Juxtündou Orci en dela ep he 
4 16 16 
Since 0 terminates in quadrant III, cos@ <0, and thus cos0 =- re = ae ; 
2 
36. First find cos? 0: cos? 0 - 1-sin?0 =1- ae se 4 
13 169 169 
Since 0 terminates in quadrant IV, cos0 » 0 , and thus cos0 = s - £ : 
2 
38.  Firstfind sin? 0: sin^0 =1—cos* 0 =1- RA EE 
2 2. 2 
Since 0 terminates in quadrant II, sin 0 > 0 , and thus sind = E = NS B v2 : 
2 49-2 
2 
40. First find sin? 0 : sin? 0 =1-cos” 6 -1-(-2) Sie 
3 9 9 
Since 0 terminates in quadrant II, sin0 » 0 , and thus sin@ = s - X . Now using the ratio identity: 
cos0 -24 2 WS 
cot@ =—— = 2-—2- 
sin@ A5, V5 5 
2 
i SRR ee Oe Url eee) eae oe 
7 49 49 
Since 0 terminates in quadrant III, csc 0 < 0 , and thus csc6 = -, E =- = ; 
2 
44. First find sec? 0: sec? @ =1+tan? 0 =1+ 2 = pa t OA 
21 441 441 
Since cos0 <0, sec@ <0 , and thus secO =- ind m 
Y 441 21 
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5 


eel 


2 
46. First find cos? 0: cos? 0 - 1-sin?0 =1- s: i 
25 25 


Since 0 terminates in quadrant I, cos@ > 0, and thus cos0 = s = i . Now use the ratio identities to find the 


remaining four trigonometric ratios: 
1 1 5 


1 1 5 
sec 9 = — -—-— csc 9 = —— = mc 
cos0 YM 3 sind 3c 4 
sing 5.4 cos X 3 
tan 0 = —— =44 =— cotü = —— =4+ => 
cos % 3 sind p^ 4 
2 
48. First find sin? 0: sin?8 =1-cos?@=1-(-+] -1-.L -2 
25 25 
Since cos@ « 0 and 0 does not terminate in quadrant II, it must terminate in quadrant III and thus sin@ <0 
Therefore sin0 =- 4 = a . Now use the ratio identities to find the remaining four trigonometric ratios: 
1 1 5 — 546 
sec 9 = —— = —— =-5 cscO 
cos@ -ÁK sin -246 246 12 
5 
"E 1 
tang- PP- eae corp = 5058 A A 
cos 7 


sing -246 246 12 


2 
50. Since sec0 - -3, duele ba T Nowtihd sin? 8: sin? 0 -1-cos?0 =1- zr Em 
sec 3 3 9 9 


Since sin@ > 0 ,sin@ -f - 242 


9 = xc Now use the ratio identities to find the remaining three trigonometric ratios: 


1 1 3 x2 sing 2N2/ 
csc 9 = —— = = = tan0 => eo £3. 5]5 
sinO 242X 24/2 4 cos@ -l, 


cos -M -1 V2 
cot = ——- = =- 
sinO 22, 242 4 


aJi7\ 16 1 
52. First find cos? 0: cos?0 -1- sin? 8 -1- "it. 
17 17 17 


Since 0 terminates in quadrant II, cos@ <0, and thus cos0 =- ird vI7 


-- = . Now use the ratio identities 
17 7 17 


to find the remaining four trigonometric ratios: 


1 1 V17 
a AEN csc = = = 
cos0 -V11 sinO ANTT 
17 17 

sing uS cos que 1 

tang = —— = ———— = -4 OO ea E 
cos EA sing ATL 
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1 1 es ; 1 1 b-i 
54. Since secO =b , cos@ = —— =— . Now find sin? 8: sin? 8 = 100s? 8 -1- (7) skis zs p 2 
secO b b b b 
T ; pad. vb -1 v 
Since 0 terminates in quadrant I, sin@ > 0 , and thus sin@ = SIM b . Now use the ratio identities to 
b 
find the remaining three trigonometric ratios: 
b- Y 
T E MEE 2 T E bus b? -1 
sinü 4p? -1f b -1 cos 0 pA 
b 
1 
T EUM R y » 1 


56. First find sin? 0: sin? 0 =1-cos? 0 =1-(0.59)" 21—0.3481 =0.6519 
Since 0 terminates in quadrant I, sin 0 > 0 , and thus sin@ = 40.6519 2« 0.8074 . Now use the ratio identities to 
find the remaining four trigonometric ratios: 
cum. cL oed ee ——Y 
cos0 0.59 sinô 0.8074 
inas sin@ = 0.8074 ~137 m cos _ 0.59 _ 
cos0 | 0.59 sinô 0.8074 
58. Since csc0 - -2.54 , sin@ = ER = —0.3937 . Now find cos? 0: 
cos? 0 - 1- sin? 6 21—(-0.3937)? 21- 0.1550 2 0.8450 
Since 0 terminates in quadrant IV, cos0 » 0 , and thus cos0 = 40.8450 «0.9192 . Now use the ratio identities to 
find the remaining three trigonometric ratios: 
Gods ed Genesee cU T DAR. eet 09D Logd 
cos 0.9192 cos 0.9192 sinQ -0.3937 
60. Using the points (0, 0) and (1,m) : slope = zl = T -m 
62.  Forming the right triangle to the point (1,m) , note that tan 0 = 2 T =m 
x 
: PETS sin 6 A V5 : 
64. Using the ratio identity: tan0 = - - . The correct answer is b. 
cos @ pA 2 
3 
2 
: : ; : 1 1 15 
66. First find sin? 0: sin? @ = 100s? 8 -1-(7] =]-— =— 
4 16 16 
Since 0 terminates in quadrant IV, sin@ <0, and thus sin 0 = - z =- = . The correct answer is d. 
ODD SOLUTIONS 
1. true, defined 3. a.i b. iii c. i 
1 1 3 3 
— 7. — =l :->=-> 
7 _2 2 2 
3 
9. PT ji 20 
-1 -i x 
42 
Chapter 1 Page 37 Problem Set 1.4 


O 2017 Cengage Learning. All Rights Reserved. 


. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


13. csc 8 = —— 


17. cot@ = 


21. cot@ = 


25. tan? 0 - (tan8)" 


29. sec@ = 


33. cos@ =+V1-sin’@ 


Chapter 1 


15. cos@= 


19. tan0- 


23. sin?@ -(sin0) 


27. tan@ = 


31. sin@=+V1-cos’@ 


=+ 1-2 
V 25 
[i6 
N25 


4 
5 


+ 


Since 0 terminates in QI, sin@ is positive. 


Therefore, sin@ = t 


Since 0 terminates in QII, cos@ is negative. 


Therefore, cos0 = - 
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35. cos@ - -J1- sin? 0 


=+,/1-— Since @ terminates in QII, cos@ is negative. 


ue. m Therefore, Cost 
5 5 


37. sin@ 2 -41- cos? 0 


Since 0 terminates in QI, sin@ is positive. 


Therefore, sin0 = ; 


39. cos@ - -X1- sin? 0 Since 0 terminates in QI, cos@ is positive. 
2 
=+ -( cos = 22 
3 
mete tang = 0? 
9 cos 
1 
4318 EE 
“Vo 242 
3 
gre Si oW 
- 2 4 
41. sec’ @ - tan^ 0&1 
sec - *Atan^ 0 «1 
2 
= (=| +1 
15 
= S4 cs 
225 
ory acne 
see | 
17 


Since 0 terminates in QII, sec@ is negative. Therefore, secO ze 
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43. esc@ =+V1+cot’6 Pythagorean identity 
ay AR 
=+,/1+|-— Substitute given value 
20 
441 
=+, |1 + — Simplif 
400 re 
eu [oH 
-N 400 
= 29 
~ 20 
Since cot@ is negative and sin@ is positive, @ must lie in QII. 
Therefore, csc = 2, 
20 
45. 6 terminates in QI. Therefore, all functions are positive. 
sin@ = J1- cos! 8 
2 
E (2 
13 
144 — [25 E 
1 169 13 
tang = ang cot = l 
cos0 tang 
5 
ME PEEL ui e 
12 12 E 5 
1 12 
sec = ! csc = ex. 
cos sing 
ELM. = d 3 
E 12 (05 5 
1 13 
All six ratios are: 
sing = 2 cot = Bp 
13 5 
cos = — sec = B 
12 
tan = — csc 0 = I 
47. In QIII and QIV, sinO is negative, but 0 is not in QII. Therefore, 0 must be in QIV. 
Meret tang = me 
sing cos 
dic cn _-1/2 1 48 
-1/ 4372 - x3. 3 
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cos@ =+V1-sin’@ 


cos @ = — 
2 


All six ratios are: 


because cos@ is positive in QIV. 


“B2 ag. 3 


gages” gina. seco = 23. 
2 3 3 
cos ^33 coté = -/3 csc - -2 
49. The cosecant is positive and cosine function is negative. Therefore, 0 must be in QII, where the sine and cosecant 
functions are positive and all other functions are negative. 
sind = cosÓ =+V1-sin’ 0 
cscO 
gal aa ia, 
2 2 
-z/1-4 -+j SRL. 
NV 4 V4 2 
tan0 = sng cos = Bal because cosine is negative. 
cos 2 
1 
Se eee ee E 
8 8 35 
2 
1 
coté = sec = 
tan0 cos0 
PEE Ld. 2 700 28 
l -/3/2 43 3 
V3 
All six ratios are: 
sind = cot@ = -/3 
43 243 
cos = -— sec 9 = -—— 
2 3 
tang = - — csch -2 
3 
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51. sin =+V1-cos’@ tang = $2 cot0 = l 
cos@ tang 
oa (4) _=3/V13 3 oe es 
BEBWE chs 2 dio ^8 
=H ud sec 0 = l escó- 
13 cos@ sing 
-|2 = 1 = 1 
N13 21413 -3/413 
EE, EE MEE 
413 — 13 2 3 
sing - S because sin@ is negative in QIV. 
All six ratios are: 
sing MEE cot eee 
13 3 
2413 J/13 
cos @ = —— sec 9 = — 
13 2 
m NN cscg =--> 
2 3 
53. sing = J tang = SP otg- 
csc os tang 
apod aug . la | TM A 
a’ Ja? -1/a 1/Na? -1 
cos@ - -X1- sin 0 na -Xa!-1 
a -1 
2 
=+ 1-(4) =+ pe sec = - ! a= 
a a cosð Va’ -1/a Va -1 
e a -1 
n 
2 | 2 
aa 5d TAL Ed because @ is in QI. 
a a 


All six ratios are: 


sin@ = — 
a 
2 
cos = zd 
a 
tan0 = : 
a?-1 
Chapter 1 


cotü - Ja? -1 


secü = 
a -l 
csch =a 
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55. 
cos@ - J1- sin? 0 


-41-(023) 


240.471 20.9732 


All six ratios are: 
sin@ 2 0.23 
cos0 - 0.97 


57. cos = 


sec 0 
1 


“11.24 
=-0.81 


tan@ = Vsec’-1 


-A(-0.81) -1 
--0.73 


All six ratios are: 
sing — 0.59 


cos0 - -0.81 
tang = —0.73 


59. PNE DAN 
X; =X 


63. 


If cos@ = then sec0 = 


65. 


Chapter 1 


All functions are positive in QI. 


tang = secü = l 
cos@ cos@ 
_ 0.23 d 
0.9732 0.9732 
- 0.2363 21.0275 
cot@ = l csc = al 
tang sing 
- | =4.2313 = i = 4.3478 
0.2363 0.2363 
tan =0.24 sec =1.03 
cot 0 = 4.23 csc@ = 4.35 


sin =+V1-cos’@ 
- xJ1-(-0.81) 


+0.59 


=0.59 because sin@ is positive in QU 


cot0 = 
tang 
X 
-0.73 
--].6 
cot = -1.36 
secü - -124 
csc =1.69 
61. 


The point (1,3) lies on y = 3x in QI. 


Therefore, x - and y=3. 


- and sec= 2-3. The answer is c. 


2 
If etia T. dies cos? 0 = Br 
4 4 


The answer is a. 
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1.5 More on Identities 
EVEN SOLUTIONS 


2. To verify an identity, we can start with the left side of the equation and transform it until it is identical to the right side 


of the equation. Alternatively, we can start with the right side of the equation and transform it until it is identical to the 


left side of the equation. 


4. Writing in terms of sin@: csc 0 = ans 
sin@ 
+2 
6. Writing in terms of sin@: sec0 = : =+ ! =+ ES 2 2 
sO 1-sin? 0 1-sin^ 0 
8. Writing in terms of cos0 : sin@ = +v1- cos? 
: 1- 2 
10. Using the result from the previous exercise: tan 0 = me =+ SEM 
cos 0 cos 0 
1 1 1 1 
sae 1 cosð 1 
12. a. Simplifying: 4 - 4.4 — b. Simplifying: C058... cos, - csc 
PA d Ires ting SinÜ cosQ sino 
a a cosÜ cosé 
NE ; ME 1 . £050 1 
14. Writing in terms of sin and cos@ , then simplifying: sec@cot@ 2 —— « —— = —— 
cosÓ sinô  sinO 
16. Writing in terms of sin and cos , then simplifying: cos@tan@csc@ = cosO* une . A =1 
cos sin@ 
cos0/, 2 
18. Writing in terms of sin@ and cos@ , then simplifying: cus sinb _ ens’ BCU =e g 
sec 0 y^ sinô 1 sind 
cos 
1 
20. Writing in terms of sin and cos@ , then simplifying: EO Is iis dE pM LL 
coté EM sind cos0 ~ cosÜ 
0 
cos 0 
22. Writing in terms of sin and cos@ , then simplifying: eo siig s E059. CORE 2008 o 
tang EDS ang sinô - sin 2g 
sO 
secð Moso 1 1 2 
24. Writing in terms of sin@ and cos@ , then simplifying: -.2€08U = -— ,— -Sec^ 8 
cosÜü cos@  cos0 cos  cos^0 
TE ] n cos 0 1 cos0 -1 
26. Writing in terms of sin@ and cos@ , then simplifying: cot 6 - csc 0 = —— - —— = — 
sinô  sinO sin ð 
n 29 
28. Writing in terms of sin@ and cos@ , then simplifying: sin@ tan@ +sec6 =sin0 e ay : ar = 
cos cosé cos 
30. Writing in terms of sin@ and cos@ , then simplifying: 
2 2 A 
csc -cot 0 cos0 = a - cos? . - E - iat: a = ya ? - Bur E =sin 
sinO  sin0 sinô  sin0 sing sing 
2 
32. a. Subtracting the fractions: 1 -a= iod m E 
a a la a 
2 v" 
b. Subtracting the fractions: —-cos0 = ES . so Ur COS dn en 4 
cos0 cosü 1  cosÜ  cosO cos 0 
2 2 
34. a. Subtracting the fractions: E ae 2.2 ae, PLI 
a "t a a P ab 
i , sin@ cos0 sin0 , sind . cos0. cos — sin? 8 - cos? 0 
b. Subtracting the fractions: - ] 
cosÜ sin@ T cos sinÜ sinO “cos sin cos 0 
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1 cos0 sing 1 sinOcos0 -1 


36. Adding the fractions: cosg - —— = —— » —— - —— = 
sind 1 "Sino sinO sind 
38. Subtracting the fractions: PNEU = ee a A m = CRESE 
sinô cos@ sin cosð cos@ sinO  Jsin0cos0 
2 -n2 
40. Adding the fractions: cos0 sind _ Cos | cos0 2 sing . Sing eos 0 *-sin^ 0 uc 1 
sind m sind * cosó cos sinO sin 0 cos0 sin cos 0 
42. a. Multiplying: (a + 1)(a - 1) =a’ -1 
b. Multiplying: (sec8 + 1)(sec8 - 1) = sec? 0-1 = tan? 0 
44. a. Multiplying: (a-1)(a+6) =a* 46a-a-6 =a" «5a - 6 
b. Multiplying: (cos0 - 1)(cos0 +6) = cos? 0 + 6cos0 — cos0 — 6 = cos? 8. 5cos0 - 6 
46. Multiplying the expressions: (cos8 + 2)(cos 0- 5) = cos? 0 + 2cos0 — 5cos0 - 10 = cos? 8 - 3cos0 - 10 
48. Multiplying the expressions: (3sin@ + 4)(5cos0 +2) - 15sin0cos0 + 6sin0 + 20cos0 +8 
50. Multiplying the expressions: (1 — cos e)y( + cos 0) = 1-cos6 + cos - cos? 0 = 1- cos? 0 = sin? 8 
52. Multiplying the expressions: (1-csc@)(1+csc@) =1-csc0 + csc6 - csc? 8 =1-csc” 0 = -cot? 0 
54.  Multiplying the expressions: (cos8 + sin 0)(cos8 + sin 0) = cos? 0 + sin O cos 0 + sin cos @ + sin? 0 = 1 + 2sinOcosO 
56. Multiplying the expressions: (cos + 3) = (cos8 +3)(cos@ +3) = cos? 0 + 3cos0 + 3cos0 +9 = cos? 0+ 6cos 0 +9 
58. Substituting x = tanO : Vx? +1 = tan? 8 +1 = Nsec? 0 = | sec 0 | 
60. Substituting x=4sin@: V16-x? - 416 - (4sin0)? = 416 -16sin? 0 = he(1 - sin? o) = V16cos” 0 =4| cos | 
62. Substituting x = 8sec@: Vx? -64 = J(8sec8)? -64 = V64 sec? 0 - 64 = [64(sec? 0- 1) = N64 tan? 0 = 8|tan 6| 
64. Substituting x = StanO: V4x7 +16 - J4(2tan0)^ +16 = V16 tan? 0+16 = [16 (tan 841) - 16sec” 0 = 4|sec6| 
; : ; cos 
66. Working from the left side: sin@cot @ = sin « —— = cos 0 
sin 
68. Working from the left side: cos@csc 0 tan@ =cos6@« : . zi = SOS, = 
sinô cos@ sinOcos@ 
70. Working from the left side: ease = sos? = cos0 cos@ = cos? 8 
secO V 
cos 
1 
72. Working from the left side: geco Zoso ggg O EE NN cscÓ 
tang sind cosÓ. sin  sin8 
sO 
1 
74. Working from the left side: NOE 57 Gon, og SESS tanO 
csc 0 1: cos. 1 cos 
sinO 
IY sin ; ! 
76. Working from the left side: Sane Zino Koso = t un post BULDKCOSE - 
secO 1 sin cosð 1 sin cos 0 
cos 
78. Working from the left side: 
2 : " 2 er 
cos0 cot0 t sin0 =cos6« So sin = um g + an’ . zu Zoe cea g - d =csc 
sin sind 1 sind sinO sind 
. 2 2 12 2 
80. Working from the left side: tan? O+1= ut Hl. 2s 2 us d toos £ = t - sec? 8 
cos” 0 cos“ 0 cos“ 0 cos“ 0 
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1 sing 1 cos@ cosO z 1- cos? 0 E sin? 0 


82. Working from the left side: cscOtan0 - cos0 = 


sinü cosÓ - cosð 1  cosÜ  cosü cos 
84. Working from the left side: (1 + sin@)(1- sin) = 1 + sin - sin — sin? 0 = 1- sin? 6 = cos? 0 
86. Working from the left side: (cos0 * 1)(cos0 - 1) = cos” 6 + cos - cos 0 - 1 = cos? 0 — 1 = -(1 - cos? o) = -sin? 0 


sin@ oe sing 


cscO lay 
90. Working from the left side: 
(sind - cos8)? -1- (sin8 = cos 0)(sin8 - cos 0) -1 


88. Working from the left side: 1- =1-sin6+sin@ =1-sin? 0 = cos? 0 


= sin? 6 — sin 0 cos 0 — sin 8 cos 0 + cos? 0-1 
-]-2sin0cos0 -1 
= —2 sin 0 cos 0 


(sin@ + cos@) = Sing 
cos 


92. Working from the left side: secO (sin0 + cos0) = l T -1-tan0«1 
cos 


= — — + sinô = cot 0 + sin 0 
sin 


1 i 
94. Working from the left side: cos 0 (csc 0 + tan 0) - cosa ( + =") get 


sin cos@ 


1 
96. Working from the left side: cos 0 (sec 0 — cos 0) - coso — — cos J -1- cos? 0 = sin? 0 
cos 


cot 0 X CARD _ cos@ sin@ 


csc 0 r sinü 1l 
sind 
100. The correct answer is d. The identity is not an equation, so we cannot use equation properties to prove it. 


=cos@. The correct answer is a. 


98. Simplifying: 


ODD SOLUTIONS 
1. sines, cosines 
3. cosÓ =+Vl-sin’@ Pythagorean identity 5. coté = cost Ratio identity 
sin 
+2 
= + MEM Pythagorean identity 
sind 
7. sec0 = l Reciprocal identity 9. csc0 = m Reciprocal identity 
cos0 sind 
= PME Pythagorean identity 
1-cos’@ 
1 1 
T" " a odo bb. p b. £osé . 1 "m ER sind _ sin? . 0 
l abala 1 cosÜ0 sin@ cos0 1 cos 
b sing 
13. cscÓ coté = abn geese Reciprocal and ratio identities 
sinô sind 
= aa Multiplication of fractions 
sin 0 
15. csc@ tan0 = LR ree Reciprocal and ratio identities 
sinô cos 
i CUBES. Multiplication of fractions 
sinOcos@ 
= ! Division 
cos 
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sec " 1/cos8 


17. —— = —— Reciprocal identities 
cscO 1/sin@ 
= sng Division of fractions 
cos 
1 
19. Saf cos Reciprocal and ratio identities 
tang sind 
cos 
= E Division of fractions 
sin@cos@ 
= =. Division 
sin 
bie. (ene sees? Ratio identities 
cot@ cos@/sin@ 
+2 
A Ei Division of fractions 
cos ^ @ 
23. Smp = Bag Reciprocal identity 
csc 1 
sin 0 
sin’ 0 2r ahs ; 
- i Division of fractions 
= sin’ 0 Simplify 
sing 1 A ; $ $4 
25. tan +sec0 = + Ratio and reciprocal identities 
cos@ cosé 
= aE Addition of fractions 
cos@ 
; ! cos X273 : 
27. sinO cot0 + cos0 = sin@ : — 0 - cos Ratio identity 
sin 
sin 0 cos diues : 
-—— — — * cos Multiplication of fractions 
sin@ 
- cos0 4 cosÜ Division 
-2cos0 Addition 
; 1 sinô . : je E 
29. sec0 - tanOsin0 = - -sin Reciprocal and ratio identities 
cosÜ cos0 
22 
= IRA Multiplication of fractions 
cosÜ cos@ 
$3 
- IN Subtraction of fractions 
cos 
2 
ure 2 Pythagorean identity 
cos 
- cos Division 
31 á 1 1. b a | b-a 1 1 - cos sin@ _ cos0 -sinO 
i a b ab ab ab sin cos sin@cos@ sinOcos@  sin@cos@ 
b 1b a b+a cos 1 cos? 0 sing cos? 0 * sinO 
33. a. —+—=—+—= b. ——+ =— +— =— 
a b ab ab ab sin cos sin@cos@ sin@cos@ sinOcosO 
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cos@ 1 
. + 


LCD is cos0 
Multiplication of fractions 
Addition of fractions 
LCD is cos0 
Multiplication 
Subtraction of fractions 
Pythagorean identity 

LCD is sin0cos8 
Multiplication of fractions 


Addition of fractions 


Definition of squaring 


Multiplication using FOIL 


Commutative property 
Pythagorean identity 


5sin0 +6 


Pythagorean identity 


Pythagorean identity 


35. sin + =sin@ 
cos cosÜ cos0 
_ Sin@cosé | 1 
cos@ cos@ 
_ Ssin8cos0 +1 
cos 
37. -cos0 = l adn pa 
cos cos cos 
EE | cos'g 
cosÜ cos@ 
| 1-cos'8 
cos 
_ sin’ 
cos 
39 sing 1 _ sin@ sind 1 , cos8 
7 cos@ sinO cos@ sin sinO cos@ 
|. sin M cos@ 
sin@cos@ sin@cos@ 
_ sin’ 0 cosO 
sinO cos 
41. a. (a-b) -(a-b)(a-b)-a! -ab-ab «b? =a’ -2ab« b? 
b. (cos — sing)" - (cos8 - sin8)(cos0 -sin0) 
- cos? 0 - 2sinO cos0 4 sin? 0 
- cos! 0 «sin? 0 - 2sin0 cos0 
-1-2sin0cos0 
43. a. (a-2)(a-3) =a’ -3a-2a+6 =a’ -5a+6 
b. (sin@ - 2)(sin0 - 3) - sin0* —3sin0 -2sin0 + 6 = sin’ 0 - 

45. (sind 4)(sin0 + 3) = sin’ 0 - 3sin0 - 4sin0 +12 - sin" 0 +7sinð +12 

47. (2 cos@ + 3)(4 cos0 -5) 2 8 cos? 6 -10 cos +12 cos8 -15 =8 cos’ +2 cos0 - 15 

49. (1-sin@)(1+sin@) 2 14 sinO - sin0 - sin^ 0 

-]-sin?0 - cos? 0 
5]. (1- tan8)(1-- tan) 2 1» tan6 - tan - tan^ 0 2 1- tan^ 0 
53. (sin@ - cos8)" = (sin0 - cos0)(sin0 - cos0) 
= sin? 0 -sin@cos@ —sin@cos@ 4 cos? 0 
-sin? 0 - 2sin0cos0 4 cos? 0 
- (sin^ 0 + cos? 8) - 2sin8.cos6 
=1-2sin@cos@ 

55. (sin@ — 4 =(sin@ — A)(sin0 - 4) 
-sin?0 - A sin@ — 4 sin@ +16 
=sin’ 0 - 8 sinü +16 
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57. 


59. 


61. 


63. 


65. 


67. 


69. 


Vx «4 2 J(2tan0) +4 

- V4 tan? 044 
VA tan? 8 1) 
[4 sec? 


=|2 sec 6| = 2|sec 6| 
Jo - x? - Jo - (3sin8y 

= J9 -9sin^ 6 
Jol - sin? 8) 
V 9cos! 8 


-|3cos6) - 3|cos | 


Vx? -36 =4/(6sec 0)” -36 
= 136 sec? 0 - 36 
= 36(sec? 0 - 1) 
= J36tan? 0 


=|6 tan 6| = 6|tan 6| 
64 - Ax? = 64 - A(4sin0)' 

= J64 - 64 sin^ 0 
V64 cos! 0 


=|8cos6| = 8|cos6| 


sing 
cos 
cos@sin@ 


cos@tan@ =cos@- 


cos@ 
=sin@ 


sinOsecO cot 0 = sinO - 


cos@ sin@ 


_ Sin0cos0 
cos@sin@ 
=] 
sing B sing 


csc 1 
sing 


-sinO- = 


= sin’ 0 


Chapter 1 


1 , cos8 


Substitute given value 
Multiply 

Factor 

Pythagorean identity 
Simplify 

Substitute given value 
Multiply 

Factor 


Pythagorean identity 
Simplify 

Substitute given value 
Multiply 

Factor 


Pythagorean identity 
Simplify 


Substitute given value 
Multiply 


Multiply 


Factor 


Pythagorean identity 
Simplify 


Ratio identity 
Multiplication of fractions 


Division of common factors 


Reciprocal and ratio identities 


Multiplication of fractions 
Division of common factors 


Reciprocal identity 


Division of fractions 


Simplify 
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csc 1/sin@ 


71. = ————— 
cotÜ cos@/sin@ 
|. sin 
 sinOcosO 
o 1l 
~ cosÜ 
=sec0 
1 
73. csc 0 _ sing. 
sec 0 1 
cos0 
. cos8 
-sin 
=cot0 
1 cosé 
75. sec 0 cot _ cosÓ sing 
csc 0 E» 
sin@ 
E cosO sinO 
a cos@sin@ 
=! 
3 : sin@ 
77. sinO tan 0 + cos0 = sinO* +cos@ 
cos 
- sin’ +cos@ 
cos 
_sin’@  cos@ cos 
~ cos 1 cos8 
B sin^O cos? 0 
~ cosÜ E cos 0 
 Sin^0-cos^ 0 
" cos 
d 
~ cosÜ 
- sec 
79. tan +cot0 = ne + Gost 
cos@ sind 
_ sin@ sinO cos@ cosé 
" cos@ sin@ sin@ cos@ 
J sin? 0 cos? 0 
~ sin@cosO ^ sin@cos@ 
_ sin’ @+cos" 0 
| sin@cos@ 
- 1 
~ sinÓcosO 
‘es 1 . 1 
~ sin@ cos 
=csc sec 
Chapter 1 


Reciprocal and ratio identities 
Division of fractions 


Division of common factor 


Reciprocal identity 


Reciprocal identity 


Division of fractions 


Ratio identity 


Reciprocal and ratio identities 


Division of fractions 
Division of common factors 


Ratio identity 
Multiplication of fractions 
L.C.D.is cos 
Multiplication of fractions 
Addition of fractions 


Pythagorean identity 
Reciprocal identity 


Ratio and reciprocal identities 
L.C.D. is sin0cos0 
Multiplication 

Addition of fractions 


Pythagorean identity 


Property of fractions 


Reciprocal identities 
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81. cscÓ -sin0 = = -sin Reciprocal identity 
sin 


1 sing R sing 


= — - — : — L.C.D.is sin8 
sinO 1 sind 
3.5 
- A - enr : Multiplication of fractions 
sinô  sin0 
UN. 
- EHE Subtraction of fractions 
sind 
2 
= =e Pythagorean identity 
sind 
83. (1-cos@)(1+cos@) 21- cos? 6 Multiplication 
-sin^0 Pythagorean identity 
85. (sin @ 1)(sin0 - 1) 2 sin 9-1 Multiplication 
-1-cos^0-1 Pythagorean identity 
=-cos’@ Addition 
87. cos ae Tu: P QE i Reciprocal identities 
secO csc 1 1 
cosÜ sind 
- cos? 0 « sin^ 0 Division of fractions 
=1 Pythagorean identity 
89. (cos8 sing)" -1 2cos!042sin0cosO «sin O-1 Multiplication 
-cos'0-«sin^0--2sin0cos0ü-1 Commutative property 
=14+2sin@cosé-1 Pythagorean identity 
=2sinOcos0 Addition 
91. sinO (sec +CSC 0) =sin0 : sec +sinð : cscO Distributive property 
= ae + ny Reciprocal identities 
1 cos0 1 siné 
sinô  sin0 I i 
= +— Multiplication of fractions 
cosÜ sind 
=tand+1 Ratio identity and division of 
common factor 
93. sind (sec 0 * cot 6) —sinOsec0 +sin 0 coté Distributive property 
- Bue Ld + ne. gos? Reciprocal and ratio identities 
1 cos0 1 siné 
sing RES s . 
- 0 4 cosÜ Multiplication and division of fractions 
cos 
= tan0+cos@ Ratio identity 
95. sin@(csc@ —sin0) - sinOcsc0 - sin? 0 Distributive property 
- sme, ES -sin° 0 Reciprocal identity 
1 sind 
= ond -sin^0 Multiplication of fractions 
sin 
=1-sin’6 Division of common factor 
=cos’ 0 Pythagorean identity 
97. tan 6 = a d sing . The answer is b. 


cos8 .Jl-sin8  V1—sin26 


99. Jx^«16 =\/(4 tang) +16 2 J16tan? 0416 = L6 (tan? 8. 1) - J16sec? 0 = 4|sec 6| . The answer is c. 
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Chapter 1 Test 


1. The complement is 90° — 70? = 20° and the supplement is 180? — 70? = 110°. 
2. Using the Pythagorean Theorem: 
3° 4.47 = 6 
9 «x? = 36 
x? =27 
x = V27 = 343 

3. Sinceh=s, h= 54/3 . Since r = J2h , we have r = J2° 54/3 - 5/6 . Since ABDC is a 30°-60°-90° triangle, 
h = 4/3 y and thus ya So yo 35.5 . Finally x =2y,sox= 10. 

4. Since AABC is a right triangle, using the Pythagorean Theorem: 

(ABY «3? 2 5? 
(ABY. +9 - 25 
(AB)? -16 
AB=4 
Since ADAB is a right triangle, using the Pythagorean Theorem: 
(AB) + (AD) = (DB) 
4? «6? = (DB? 
(DB) =16+36 
(DB) = 52 
DB = 452 = 2413 

5. Since the hour hand moves 360° in 12 hours, in 3 hours it must move QS -90?. 

6. If the longest side is 9, the shortest side is 20) -2 and the middle side is oe ; 

T: Since this is a 45°-45°-90° triangle, the hypotenuse has a length of 1542 =21.2 feet. 

8. Constructing the triangles from the center of the pentagon, there are 5 congruent triangles with a total sum of angles of 
5 180° 2 900? . However, this sum includes the center angles, which add to 360°, so the sum of the interior angles is 
900° — 360° = 540°. Since there are 5 of these interior angles, the measure of each is = = 108°. 

9. Using the distance formula: r = J(-1- 4)? +(10 +2)? = J(-5? «12? = V25 +144 = V169 =13 

10. Using the distance formula: 

MG D +0-3 S09 
V(x+2)? +4 = V29 
(x+2)? 44 229 
(x+2)? 225 
x+2=5 or x+2=-5 
x=3 or x=-7 
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2 2 
11. Substituting the point 1.3 x Fy = 3 + _N3 = : + z =1 
2 2 2 2 4 4 
So the point lies on the unit circle. 
12. All angles that are coterminal with 150° are 150° +360°k , for any integer k. 
13. The vertex of the parabola is (70,50), so the equation has the form y =a (x -70 y + 50 . Since the point (140,0) is on 
this parabola: 
0 = a(140 - 70)? +50 
—50 = 4900a 
1 
pee 
98 
Thus the equation is y = - e - 70 y + 50 . Graphing the parabola: 
" 
y=- (x- 70) + 50 
— I—N- x 
20 40 60 80 100 120 140 
14. Choose (-1,0) as a point on the terminal side of 180°. Therefore: 
sin180* - 2-2-0 arida emere tanig0°=2-2~0 
r d r 1 x 1 
15. Choose (1,-1) as a point on the terminal side of —45?. First find r: r = Ali? + D? ixi 
Therefore: 
sin(-45°)- NT NEL] cos(-45*) == 22. ai(4s*)e2 71. 
r 442 9 r Dx 2 x 1 
16. Since sin <0, 0 could terminate in quadrant III or quadrant IV. 
17. Since csc0 » 0, sin0 » O. Since cos@ <0, 0 must lie in quadrant II. 
18. Begin by finding r = V(-3 + (aby = V9 +1 = V10 . Now applying the definitions for the six trigonometric 
functions using the values x = —3, y = —1, and r= V10 : 
sings =- : _ _vi0 cos - =- 2 _ _3vi0 tanð =% =- 
viO — 10 /10 10 x 
csc8 - L2 - ip - -1 Ue iu Se cotü - 1-3 
10 x 3 y 
19. Since y «r we must have ~ <1. Since sing =~ , it follows that sin@ <1. 
r r 
20. If sin@ - , we can choose y = | and r = 2. To find x, use x 4 y? =r’: 
ES 
a +l= 
x^ 23 
PE 
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Since 0 terminates in quadrant II, x < 0 and thus x = ENE . Using x = AN E] y-l,andr = 2 in the definitions: 


V3 r 2 243 r 
cosg = —--— sec 9 = — = - -= =- csc 0 =— = 
r 2 x E 3 y 
Bide ccu NE Dur um 3 
x J5 3 
21. Letx= 1 and y= -2. Now find r = J1? + (- ay 24144 = 45 . Now applying the definitions for sin@ and cos@: 
sige? oo -.255 eee 
r J5 5 r J5 5 
1 1 7 
22. Using the ratio identity: csc@ = —— = —— =-— 
sing -4 4 
T 
" 5 ie ad] 
23. Simplifying: sin 0 = (sing) =| =| =— 
pee i ) ( 3} 27 
24. Since sec0 2 3, cos@= i . We can choose x = 1 and r = 3. To find y, use x +y =r: 
Paya? 
1+ y? =9 
y =8 
y= +48 = +2/2 
Since 0 terminates in quadrant IV, y < 0 and thus y = -2V2 . Therefore: 
sing = 2. 292 tanü =~ = 292 Wü 
r 3 1 
25. Multiplying the expressions: (cos8 - sin 0)(cos0 - sin 0) = cos? 0 - sin@ cos 6 — sin cos 0 + sin? 0 = 1 - 2 sin 0 cos 0 
222 2 
26. Subtracting the fractions: — -sin = RIOT . LN LN gee g 
i sinô 1  sinO  sinü sind 
27. Substituting x =2sin@: V4 =/4- (2sin8)? - N44 - Asin? 8 = Jal (1-sin? o) = V4 cos” 0 = 2|cos 6| 
cos0/. : 
28. Working from the left side: ce Iino = R ue os0 
csc 0 15 sinô 1l 
sinO 
29. Working from the left side: 
cot0 + tan = ened + bad 
sinô  cos0 
_cos@ cosO0 sinO sind 
sinô cos@ cos@ sin@ 
» cos? 0 « sin? 0 
sinOcos@ 
» 1 
sinOcos0 
NS 1 
sinô cos0 
- csc sec 0 
30. Working from the left side: (1— sin8)(1-- sin8) = 1 - sin0 + sin6 - sin? 0 = 1- sin? 8 = cos? 8 
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Chapter 2 


Right Triangle Trigonometry 


2.1 Definition II: Right Triangle Trigonometry 


pA 
b 
aes = 
a l 
guise. 
b 2 
ipse 
a 5 


EVEN SOLUTIONS 
2. Using Definition II and Figure 8, we would refer to a as the side opposite A, b as the side adjacent to A, and c as the 
hypotenuse. 
4. a. cosine (ii) b. cosecant (iii) c. cotangent (i) 
6. Using the Pythagorean Theorem, first find a: 
a?48?-17? 
a? «64 - 289 
a? =225 
a=15 
Using a = 15, b= 8, and c = 17, write the six trigonometric functions of A: 
inet Ey LE 
c 17 c 17 
T S REN TE AE 
a 15 b 8 
8. Using the Pythagorean Theorem, first find c: 
52422 =¢? 
2544-c? 
c?-29 
c=V29 
Using a= 5, b = 2, and c=¥29 , write the six trigonometric functions of A: 
> Ge 5 _ 5429 b 2 2429 
sinA-—- = cosA=—= = 
4/29 29 4/29 29 
E ROS, nm 
a 5 b 2 
10. Using the Pythagorean Theorem, first find c: 
2 
5^ (vil ) — 
254112 c? 
c? =36 
c=6 
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Using a=5, b= J11 , and c = 6, write the six trigonometric functions of A: 


sae se "m nA 5 541 
c 6 c 6 b 4H gH 
Mr m sect 6 Mn us oTT 
a 5 b Vil oH a 5 
12. Using the Pythagorean Theorem, first find a: 
a’ +37 =4? 
a? +9=16 
a’ =7 
a-47 
Using a= x , b =3, and c = 4, find the three trigonometric functions of A: 
c 4 c 4 b 3 


Now use the Cofunction Theorem to find the three trigonometric functions of B: 


Been E du BcHnAI tan B = cot A 3 M7 
4 4 J7 7 
14. Using the Pythagorean Theorem, first find c: 
347 =c? 
9412c? 
c? 210 
c- 10 
Using a = 3, b = 1, and c= V10 , find the three trigonometric functions of A: 
c 410 10 c 410 10 b 1 
Now use the Cofunction Theorem to find the three trigonometric functions of B: 
i 1 à 
iacens 0 cos B- sinA- 2. - 210 tuis sic 
J10 10 V10 10 a 3 
16. Using the Pythagorean Theorem, first find c: 
2 
1? + (V5 ) = 
1+5=0 
c? =6 
c=V6 
Using a=1, b= x5 ,and c= V6 , find the three trigonometric functions of A: 
; a 1 v6 b 45 v30 "RES 
sin A = — = — = — cosA = — = — = — tan A = — = —— = — 
c J6 6 c J6 6 b J5 5 
Now use the Cofunction Theorem to find the three trigonometric functions of B: 
sin E = 30 "TEE D TN LENT 
J6 6 J6 6 a 
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18. Using the Pythagorean Theorem, first find c: 


Ltx e 


gon 
c=V2x 
Using a =x, b =x, and c= V2 x, find the three trigonometric functions of A: 


a x 1 2 b X 1 42 


: a x 
sinA cos A tanA=—=—=1 
c Are a4 2 Cee J42 2 b x 
Now use the Cofunction Theorem to find the three trigonometric functions of B: 
A ND PEE i-a NT E 
JF 2 J2 2 a x 
20. The coordinates of point B are B(8, 6) . Using the Pythagorean Theorem, first find c: 
67 +87 =c* 
36+ 64 - c? 
c? =100 
c=10 
Using a = 6, b = 8, and c = 10, find the three trigonometric functions of A: 
ase E pea masta 2s 3 
c 10 5 c 10 5 b 8 4 


22. Since b<c, : >1. Since sec = 7 > 1, it is impossible for sec 8 = 2 


24. Since b<c, 7 >1 and can be as large as possible. Since sec 0 = z sec @ can be as large as possible. 


26. Using the Cofunction Theorem, cos 70? =sin20°. 
28. Using the Cofunction Theorem, cot22? = tan68?. 
30. Using the Cofunction Theorem, csc y = sec(90?— y). 


32. Using the Cofunction Theorem, sin(90?— y) = cosy. 


X |cosx sec x 
0? 1 1 
V3 | 2 23 
30°) — |——-—— 
2.143 3 
34. Complete the table, using the ratio identity sec x = : 
GR asp NE, |. 2 cos 
2 | V2 
60° i 2 
2 
90° | 0 undefined 
2 
36. Simplifying the expression: 5 sin? 60° = (5) ='5 2: - 
DD 
38. Simplifying the expression: cos? 60° 42 - $ 


2 2 
40. Simplifying the expression: (sin60°+ cos 60°)? (4.4) (44) of zd = Le 
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1=5 


V2 


272+ = 
2 


2 
i D : : 2 1 1 2 
42. Simplifying the expression: (sin45? — cos 45° | =0°=0 
PONE ? l ) V2 v2 
2 
44. Simplifying the expression: tan? 45°+ tan? 60° = 1? + (v3 ) =14+3=4 
3 
46. Simplifying the expression: 6cosx = 6cos 30° = 6 ne = 33 
48. Simplifying the expression: —2 sin(90°—y) =—2 sin (90° — 45°) =—2sin45° = 
50. Simplifying the expression: 5sin2y=5 sin (2 45°) =5sin90° =5 
52. Simplifying the expression: 2 cos(90° —z) -2cos(90? — 60°) = 2 cos 30° =2 of =J/3 
54. Finding the exact value: csc 30° = ees = a: = 
sin 30° 15 
56. Finding the exact value: sec 60° = l = a =2 
cos 60° 15 
2 
cos 30? 437 
58. Finding the exact value: cot 30? = — -—2.- V3 
sin 30° T 
2 
1 1 
60. Finding the exact value: csc 45° = — = = /2 
sin 45° P4 
V2 
62. Finding the exact value: sec 90° = ie —, which is undefined 
cos90° 0 
ae cos0? | Am 
64. Finding the exact value: cot0? 2 — T = v which 1s undefined 
sin 
66. First find a using the Pythagorean Theorem: 
3.68? +b” = 5,93? 
b? — 5.93? 3.68? 
b? - 21.6225 
b — 4.65 
Now find sin A and cos A: 
sna tas 0 6 cagA? Lc 2078 
c 5.93 c 5.93 
Using the Cofunction Theorem: 
sin B=cosA « 0.78 cos B=sinA « 0.62 
68. First find c using the Pythagorean Theorem: 
13.64? «477? = 
c? = 208.8025 
c=14.45 
Now find sin A and cos A: 
snac$ 07,94 Quse E ua 
14.45 14.45 
Using the Cofunction Theorem: 
sin B= cosA « 0.33 cos B=sinA x 0.94 
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70. Since CG = CD = 3, using the Pythagorean Theorem: 
(CGY +(CD) = (DG)? 
3? +3? = (pay 
949 = (DG)? 
(DG) =18 
DG = 418 = 342 


Now use the Pythagorean Theorem with ADGE : 
(DG) + (GE = (DEY 


(342 y +3? = (pEY 


18 +9 = (DE 
(DE) =27 
DE = 427 = 3V3 
Now, let @ represent the angle formed by diagonals DE and DG. Therefore: 
DNE RENE E. DG 32 2 6 
sin 0 cos 0 
DE 343 43 3 DE 343 43 3 


72. Let CG = CD = x, using the Pythagorean Theorem: 
(CG) « (CD = (DG 
x 4x72 = (DG? 


(DG)* = 2x? 
DG = V 2x? = V2 x 


Now use the Pythagorean Theorem with ADGE : 
(DG) + (GE) = (DE) 


(v2 x) +x = (DE)? 
2x? +x? = (DEY 


(DEY = 3x? 
DE = V3x* = 3x 
Now, let @ represent the angle formed by diagonals DE and DG. Therefore: 
o GE x 1 B DG 2x 42 6 
sin ð cos 0 
DE V3x X43 3 DE 3x V3 3 


74. Using the distance formula: 
(G17 40-3) =(Vi3)" 
(x-1Y +9 =13 
(x- 1 24 
x-12-2,2 
x=-1,3 
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76. 


(1,1) 


78. A coterminal angle to —210° is 150°. 
80. Since sin 35° = cos (90° — 
82. 


ODD SOLUTIONS 


1. triangle measure 


5. a=vCc zm 


-425-9 
- 416 -4 
natis 
c 5 
gpa ae 
c 5 
iy acme 
b 3 
9 c-Na «p? 
= Jay «(5)' 
=V4+4+5 
=V9 =3 
cay eee 
c 3 
MM EC 
c 3 
mE 2-25 
b J5 5 


Chapter 2 


2 
Simplifying the expression: 4cos? 30°+2sin 30° = (5) + (1) =4 iu =3+1=4. The correct answer is c. 


Pythagorean Theorem 


Substitute known values 


Simplify 
cotA= B. - 2 
a 4 
secA- c - z 
b 3 
cscA- t- 2 
a 4 
Pythagorean Theorem 


Substitute known values 


11. 


Y 


35°) = cos 55°, the correct answer is d. 


2 


3. complement 


7. c=va@ a 


sin A = 


Ss [e] 
5 g 
> > 
Il Il 
ola aloe O18 


b=Vc’-a@ 
= (=F 


A point on the terminal side is (1, 1) . Drawing the angle in standard position: 


y 
A 


Pythagorean Theorem 


Substitute known values 


Simplify 

2 2v5 b 1 
+ = —— cotA =—=— 
J5 5 a 2 

1 5 c v5 
-= =— secA =-= — 
45. 5 b 1 
z =2 cscA == = 
1 a 2 

Pythagorean Theorem 


Substitute known values 


Simplify = 36-25 
=v11 
soa PS. E: ene 
a 2 [o 
"S EE ems 
b J5 C 
icis tanA - 2 
a 2 b 
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Simplify 

5 Loos dio SIT 
= sin B = — = — 
6 c 6 
V11 a 5 

RE cosB-—-— 

6 c 6 

ETIN US 
viol a 5 
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1 2 b 1 D 
13. c-Na «b? Pythagorean Theorem AS SN sin B=—=—==— 
dap c J2 2 [o J2 2 
= (1) + (1) Substitute known values cosA= B ere v2 eges d v2 
[o fd. 2 C N 2 
141 Simplify uunc ic ape Vn 
b 1 a 1] 
-J3 
15. b=Vc’-a@ Pythagorean Theorem snas oe Bus sin B= b_8_4 
c 10 5 c 10 5 
10-6? Substitute known values cosA= De cosB-8- -3 
c 10 5 c 10 5 
= 100-36 Simplify ee ee ang-2 -8-4 
b 8 4 a 6 3 
64 =8 
17. a=Vc -b Pythagorean Theorem 19. The coordinates of B are (4, 3). 
(2x) = (x)’ Substitute known values a=3, b=4, c=5 
=V4x° -x? Simplify Any ees 
c 5 
b 4 
=V3x° cosA=—=— 
c 5 
= x43 tanA = 2a 2 
b 4 
sina = 2 = 283 N3 seperate! 
Gi 2x 2 Gi 2X #2 
copa Pet mU RGECCE 
c 2x 2 c 2x 2 
iy ONO 0. tan B b x 1 v3 
b x a x43 43 3 
adjside 3 j ; : ; 
21. cos = h = 1 For this to be true, the adjacent side would have to be three times larger than the hypotenuse. 
yp 
This is impossible since the hypotenuse is the longest side of a right triangle. 
23. tan0 = um The opposite and adjacent sides can be any number greater than 0. If we choose a very large 
adj side 
number for the opposite side and a very small number for the adjacent side, the ratio will approach infinity. 
25.  sinl0' = cos(90° - 10") = cos 80° 27. tan 8° = cot(90° - 8°) = cot 82° 
29. sin x’ = cos(90° - x’) 31. tan (90° - x) -2cotx 
33. uci. csc 45° = l a2 
sin x 1/42 
cscO' = t undefined csc 60° = — Z = 2/3 
0 43/2 43 3 
Dd ect. un dic oU a ud 
1/ 1 
35. 4 sin30° =4 JE 
2 
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37. (2cos 30°) = EJ =(V3) -3 


39. sin 60^ «cos °60° = 


quu. 
In 
P tatit 
« 
+ 
ee y 
Nj 
—— 
N 


3. 1 
=—+— 
4 4 
Lim 
4 
=] 
2 2 
41. sin? 45° - 2 sin 45° cos 45° + cos? 45^ = v2 -2 X22 + v2 
2 2 2 2 
4 4) 4 
o»: 2 
43. (tan 45* + tan 60°) =(1+v3) 
«(eye 
-14-24343-4424/3 
45. 2 sin30* -2(3) 47. 4 cos(z-30°) = 4 cos(60° - 30°) 
ES! =4cos 30° 
Aden 
2 
49. -3 sin 2(30*) = -3 sin 60° 51. 2.cos(3x-45°)=2 cos (3: 30 - 45) 
J3 "m 
-|£ =2 cos(90° -45°) 
= _3N3 =2 cos45 
2 
2954 v2 EN o! 
2 
53. sec 30° = : Reciprocal identity 
cos 30° 
= A3 Substitute exact value from Table 1 
= RUE = 243 Division of fractions 
3 3 
o , cos45° ewe : 
55. csc 60° = 57. cot45 = Ratio identity 
sin 60° sin 45° 
= T Z 522 Substitute values from Table 1 
3/2 42.12 
2 245 -— 
NC cien =] Simplif 
3 3 pity 
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59 sec 45° = 61. cot 60° = Ratio identity 
cos 45° sin 60 
1 1/2 ; 
=—= ——Ó—— Substitute values from Table 1 
1/42 3/2 
1 3 "E 
ahh: zo Sim lif 
3 3 ud 
63. csc 90° = t Reciprocal identity 
sin 90* 
= : =1 Substitute values and simplify 
6 — a-4c-P giat 938 
c 9.62 
= (9.62) - (8.887 cosA- P = 8:88 _ 9 99 
c 9.62 
—413.69 jp oe 997 
c 9.62 
=3.70 pepe ts” 2938 
c 9.6 
67. — cea «p duas e gg 
c 20.25 
= (1944) +(5.67)° quip c S eno 
c 20.25 
- 410.0625 fine t= 29 p. 
c 20.25 
= 20.25 sepa te t age 
c 20.25 
69. | CH =,/(CD’)+(DH) CF - (CH) «(FH 
2 
=45 +5? = (542) «(5) 
=425+25 =450+25 
= 50-542 =V75 =543 
jaga E cagas 
CF CF 
aM 54 
543 543 
-X3 EN 
3 3 3 
71. — CH=,|(CD*)+(DH) CF - (CH) «(FH)* 
=x? +x? = (2) +x° 
= 2x’ -X2x «x 
-x42 7 3x! 2x43 
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CH 
sind = BH cosĝ = 
CF 


CF 
EE: xv2 
ow EH 
5 XE 
SS CEU ] 
73. r-4(x,- x) +(y,- y) Distance formula 


= NE = 1] 9 — (-4)] Substitute known values 


244^ 42° Simplify 


=416+4 
-JID -245 
75. The terminal side is the line y=—x. Some points in quadrant II on the line y 2—x are (-1,1), (-2,2), and (-3, 3). 
77. -135° +360° 2 225 
79. sin A = f- 1$ E The answer is c. 
c 20 5 
81. Statement a is false because sin 30° = — 


2.2 Calculators and Trigonometric Functions of an Acute Angle 
EVEN SOLUTIONS 


2. If Q — 7.25? in decimal degrees, then the 7 represents the number of degrees, the 2 represents the number of tenths of 
a degree, and the 5 represents the number of hundredths of a degree. 

4. On a calculator, the SIN, COS”, and TAN keys allow us to find an angle given the value of a trigonometric 
function. 

6. Adding the angles: 11?41'4- 32?16' = 43°57’ 

8. Adding the angles: 63?38' + 24?52' = 87?90' = 88°30' 

10. Adding the angles: 77?21' - 26?44' =104°5’ 

12. Subtracting the angles: 90? — 62?25' = 89?60' — 62?25' = 27°35’ 

14. Subtracting the angles: 180? —132?39' =179°60' -132?39' = 47°21' 

16. Subtracting the angles: 89?38' — 28?58' = 88?98' — 28?58' = 60?40' 

18. Converting to degrees and minutes: 83.6? = 83?-- 0.6? = 83° + 0.6(60") = 83?36' 

20. Converting to degrees and minutes: 78.5? = 78°+ 0.5? = 78? + 0.5(60") = 78?30' 

22. Converting to degrees and minutes: 43.85? = 43° + 0.85? = 43? + 0.85(60") = 43°51’ 

24. Converting to degrees and minutes: 8.3? = 8°+ 0.3? = 8? + 0.3(60^) = 8?18' 


26. Converting to decimal degrees: 74?54' = 74? - 54' = 74? + E = 74.9° 
. : o t o 1 15 i o 
28. Converting to decimal degrees: 21?15'2 21? 415' 2 21? "aU 21.25 
7 ^ o $ o L o 10 ° o 
30. Converting to decimal degrees: 39?10' = 39? +10’ = 39? + 66 = 39.17 
32. Converting to decimal degrees: 78?37' = 78? + 37 = 78? + (7) = 78.62° 
34. Calculating the value: cos 79.2? ~ 0.1874 
36. Calculating the value: sin4? ~ 0.0698 
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38. Calculating the value: tan 41.88° ~ 0.8966 


40. Calculating the value: cot 29° = : = 1.8040 
tan 29? 
42. Calculating the value: sec18.7° = RU. z 1.0557 
cos18.7? 
44. Calculating the value: csc 77.77? = ME eS = 1.0232 
sin 77.77? 


46. Calculating the value: sin75?50' = sin(75 5) = 0.9696 


48. Calculating the value: tan 45°19’ = nas » 


z) =1.0111 
6 


50. Calculating the value: cos6?4' = cos[6 xl = 0.9944 


52. Calculating the value: csc48?48' = ese 48 4 = csc 48.8° = — m 1.3291 
60 sin 48.8? 
X CSC X secx cot x 
0° | error (undefined) 1 error (undefined) 
15° 3.8637 1.0353 3.7321 
54. Completing the table: 20 2 LIA E 
45? 1.4142 1.4142 1 
60° 1.1547 2 0.5774 
759? 1.0353 3.8637 0.2679 
90° 1 error (undefined) | error (undefined) 


56. Finding the angle 0: 9=sin !(0.7139) « 45.6° 
58. Finding the angle 9: 0 cos (0.0045) ~ 84.6? 
60. Finding the angle 0: 0— tan ! (6.2703) « 80.9? 


62. Since sec0 - 8.0101, cos0 = 1 , SO o= co ( J Jesse 
8.0101 8.0101 


64. Since csc = 42319, sind= : so esi? í Jes. 
4.2319 4.2319 


66. Since cot = 7.0224, tand= 1 , SO zx ! E 8.1°. 

7.0234 7.0234 
68. Finding the angle 0: 0— sin (0.9459) x 71.0672? = 71? 0.0672(60^) = 71°4' 
70. Finding the angle 0: 0— tan | (2.4652) x 67.9202? = 67? + 0.9202(60') = 67°55’ 


3. Since ‘e601 D109 Leos — 
1.9102 


Finding the angle 0: 0— cos" 


& 58.4323? = 58°+0.4323(60') = 58°26’ 
1.9102 


74. Calculating the values: sin13? ~ 0.2250 and cos77? ~ 0.2250 
76. Calculating the values: sec 6.7? = 1.0069 and csc 83.3? = 1.0069 
78. Calculating the values: tan 35?15' = tan35.25? = 0.7067 and cot 54?45' = cot 54.75? ~ 0.7067 


80. Calculating the value: cos” 58°+sin? 58° = 1 


82.  Tocalculate B, B= sin! (4.321), which results in an error message. Since, for any angle B, sin B <1, it is impossible 
to find an angle B such that sin B = 4.321. 
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84. To calculate cot 0°, we would find tan 0° = 0 then find the reciprocal. This results in an error message. Since Z is an 


undefined value, cot 0° is undefined. 


86. a. Completing the table: 2: - 120 sc i Wa GN DU n: 
cotx | 19.1 | 22.9 | 28.6 | 38.2 | 57.3 | 114.6 | undefined 


x |0.6°| 0.5° | 0.45 | 032 | 0.2° | 0.1° 0? 
cotx | 95.5 | 114.6 | 143.2 | 191.0 | 286.5 | 573.0 | undefined 
88. Using æ= 36.597? and h = 5 in the shadow angle formula: 
tanÓ = (sin 36.597?) (tan(5 * 15?)) ~ 2.2250 


b. Completing the table: 


0 = tan ! (2.2250)  65.8° 


2 
90. First find the value of r: r= (-43) yP 243412 44-2 


Finding the three trigonometric functions using x = -J3 y-7land r=2: 


1 
sind=~ =- sage REL) ne sea 
r 2 r 2 x NE} 3 
92. Let (-1,-1) be a point on the terminal side of —135°. First find the value of r: r= JU 4+(-1% 2414122 
Finding the three trigonometric functions using x - 1, y = -1; and r= 42: 


duel. Vo Tr E NET tand=—=—=1 
r 


dx 2 r 49 2 x -l 


94. Since tan@=— 2 and @ terminates in quadrant II (where x < 0 and y > 0), choose x = —4 and y = 3. Finding r: 


4 
r=(-4)° «3? 241649 =V25 =5 


Finding the remaining trigonometric functions using x = —4, y = 3, and r=5: 


4 

dinge Oy: chc iudici. Se 
r 5 r 5 

ey E A RE 
y 3 x 4 


96. Since secO>0,x> 0. Thus for tan « 0, we must have y < 0. Thus the terminal side of Ó lies in quadrant IV. 


98. Converting to decimal degrees: 76°36' = 76? + 36' = 76? + (5) = 76.6° . The correct answer is b. 


100. Since cotO=x, tan0 = a Then 0 = tan! (4) . The correct answer is a. 
x x 


ODD SOLUTIONS 


1. minutes, seconds 3. value, angle 
5. 3T 45' 7. 51 55' 
+26°24' +37 45' 
63° 69' 2 64° 9' since 60'=1° 88° 100' = 89° 40' 
9. 61° 33' 11. 90° = 89° 60' 
+45°16' —-34'12' -34 12' 
106° 49' 55° 48' 
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13. 


17. 


21. 


25. 


29. 


33. 


35. 


37. 


39. 


41. 


43. 


179° 60' 
-120° 17' 
59° 43' 
354 = 35° «04 (60) 
235 424! 
= 35°24! 
92.55° = 92° +0.55(60)' 
= 92° 433! 
= 92:33! 


180° = 
-120°17' 


45°12' 245412 
60 

= 452° 
1720 217429 
60 


21733 
Scientific Calculator: 27.2 


Change 1° 


sin 


to 60' 


Graphing Calculator: |sin 


(|27.2|)| [ENTER 


Answer to 4 places: 0.457 


1 


Scientific Calculator: 18 


COS 


Graphing Calculator: | cos 


(|18 |) [ENTER 


Answer to 4 places: 0.951 
Scientific Calculator: 87.3 


1 
2 |tan 


Graphing Calculator: |tan 


(|87.32 |) 


ENTER 


Answer to 4 places: 21.36 
1 


tan31° 


cot31° = 


34 


Scientific Calculator: 31 | 


tan| 1/x 


Graphing Calculator: |tan 


(|31])]|x^ 


ENTER 


Answer: 1.6643 


sec 48.2° = E 
cos 48.2° 


Scientific Calculator: 48.2 [cos 1/x 


Graphing Calculator: (48.2 


Answer: 1.5003 


csc14.15* de 
sin 14.15* 


Scientific Calculator: 14.15 'sin||1/x 


19. 


23. 


27. 


31. 


Graphing Calculator: 14.15 


Answer: 4.0906 
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76 24' 75 84' 
-22:34' -22:34' 
53' 50' 
16.25" = 16° +0.25 (60)' 
=16°+15' 
-1615' 
19.9 - 19" «0.9 (60)' 
=19° +54! 
=19°54' 


62° 36' ES 
60 


48 21'2 484 —— 
= 4845 
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30 


tanx 

0 

0.2679 

0.5774 

1 

1.7321 

3.7321 

Error (undefined) 


45. 24° 30' = 24+ — 2 24.5 
60 
Scientific Calculator: 24.5 |cos 
Graphing Calculator: [cos] |(] 24.5 |) [ENTER 
Answer: 0.9100 
47. 42152424]. 
60 
= 42.25° 
Scientific Calculator: 42.25 | tan 
Graphing Calculator: 42.25 |) |ENTER 
Answer: 0.9083 
49. 56 40' = 564 2 = 56.67 
60 
Scientific Calculator: 56.67 |sin 
Graphing Calculator: [sin]|(|56.67 [)] ENTER 
Answer: 0.8355 
: 54 
51. 45/54! 2 45 + —— 
60 
245.9 
: 1 
sec 45.9 = ——___ 
cos 45.9° 
Scientific Calculator: 45.9 [cos 1/x 
Graphing Calculator: |cos||(| 45.9 b x_'||ENTER 
Answer: 1.4370 
53. Use your calculator to find the values of the sine, cosine, and tangent of each angle: 
x sinx COS X 
0° 0 1 
15 02588 0.9659 
39 — 05 0.8660 
45° — 03071 0.7071 
Gy 0.8660 0.5 
75 0.9659 0.2588 
90° 1 0 
55. Scientific Calculator: 0.9770 |inv||cos 
Graphing Calculator: [0.9770 b] [ENTER 
Answer: 12.3 
57. Scientific Calculator: 0.6873 |inv| tan 
Graphing Calculator: [2nd] [tan] (10.6873 | | ENTER 
Answer: 34.5 
59. ^ Scientific Calculator: 0.9813 [inv] sin] 
Graphing Calculator: (0.9813 ENTER 
Answer: 78.9 
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61. — sec =1.0191 Scientific Calculator: — 1[+]1.0191[=] inv] [cos 
—=1.0191 Graphing Calculator: — [2nd] cos] K(]1[«] 1.0191 )| [ENTER 
cos 
0- "E Answer: 11.1° 
1.0191 
63. cscÓ —1.8214 Scientific Calculator: — 121.8214 |=| inv| 'sin 
51.8214 Graphing Calculator: 2nd|'sin| (1 +]1.8214 )| ENTER 
sin 
a Answer: 33.3 
1.8214 
65. cot 0 = 0.6873 Scientific Calculator: — 1|+ 0.6873 [= inv [tan 
| _ 9.6873 Graphing Calculator: — [2nd][tan]|(]1+/ 0.6873 | [ENTER 
tan 
nQ-——— Answer: 55.5 
0.6873 
67. Scientific Calculator: 0.4112 |inv||cos 
Answer in decimal degrees is 65.719" 
Convert the decimal part to minutes: 0.719 |x| 60 |= 
Graphing Calculator: |2nd||cos||(| 0.4112 |) [2nd APPS| |Ù DMS || ENTER 
Answer: 0 =65°43' 
69. cot = 5.5764 
A 5.5764 
tan 
nd= : 
5.5764 
Scientific Calculator: 1|+|5.5764 |=||inv tan] 
Answer in decimal degrees is 10.1666° 
Convert the decimal part to minutes: 0.1666 |x| 60 |= 
Graphing Calculator: |2nd||tan [( 5.5764 )||2nd||APPS| |U DMS||ENTER 
Answer: 0 =10°10' 
71. csc 0 = 7.0683 
ae = 7.0683 
nü- 
7.0683 
Scientific Calculator: 1|) 7.0683 =| inv] |sin 
Answer in decimal degrees is 8.1333° 
Convert the decimal part to minutes: 0.133|x|60/= 
Graphing Calculator: 1 [=] 7.0683 )| [2nd] APPS]: DMs] ENTER 
Answer 028 8' 
73. Scientific Calculator: —23|sin and 67 |cos 
Graphing Calculator: sin}|(|23})|| ENTER cos (|67 )| ENTER 
Both answers should be 0.3907. 
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1 . 
cos 34.5° - 


Scientific Calculator: 34.5}cos||1/x 


75. To calculate sec34.5° = 


Graphing Calculaltor: | cos Id 34.5 b x ||ENTER 


To calculate csc55.5° = ! : 


sin 55.5° ` 


Scientific Calculator: 55.5 sin||1/x 


Graphing Calculaltor: |sin Id 55.5 D x"! ||ENTER 
Both answers should be 1.2134. 
77. Scientific Calculator: 4.5 tan 


Graphing Calculaltor: |tan| (| 4.5 |) |ENTER 


1 . 
tan85.5° ` 


Scientific Calculator: 85.5 tan 1/x 


To calculate cot 85.5° = 


Graphing Calculaltor: |tan (| 85.5 J| x| ENTER 
Both answers should be 0.0787. 
79. Scientific Calculator: 37 [cos [x?] +] 37 |sin [x?] = 


Graphing Calculator: [cos| (37 )||x | |+ [sin] (137 |) || x | ENTER 
Answer should be 1. 
81. Scientific Calculator: 1.234 |inv]|sin 


Graphing Calculator: |2nd||sin|1.234 ENTER 
You should get an error message. The sine of an angle can never be greater than 1. 
83. Scientific Calculator: 90 tan 


Graphing Calculaltor: fi 90 


You should get an error message. The tangent of 90'is undefined. 
87. tan6 - sina tan(h-15°) where æ = 35.282’and h=2 


tan = sin(35.282' )tan(2-15°) 


N 


=.333478 
0 = tan! (.333478) 
0=18.4 
' y -2 2413 
89. xy)-(.-2 sind=—= = 
Ges) r 413 13 
x=3 and y=-2 cos0=~ = 3 MIS 
r X413 13 
r= 3! «(-2y gripe YP 
x 3 3 
=/9+4 - 413 
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91. A point on the terminal side of an angle of 90° in standard position is (0, 1), where 
x=0,y=1,andr=1. 


ogee es 
r 1 
E e eO eU 
r l 
zo adis 
tan90* 2» — 2 — is undefined 
x 0 
93. cosĝ = ES and @ is in QIII. In QIII, both x and y are negative. 
put. 
13 
x=-5 and r=13 ped cue. I4 
r 13 13 
x+y =r ang-2- 122.12 
x -5 5 
(-5) +y? =13- N ek 
y -12 12 
254 y! «169 scg-21-2 -L 
KES 5 
y =144 ee re 
y -12 12 
y=+12 
y= -12 because @ is in QUI 
95. The sin @ is positive in QI and QU. 
The cos is negative in QII and QUI. 
Therefore, @ must lie in QII. 
97. 67°22' = 66°82' Change 1° to 60' 
-34 30' -34' 30' 
32^52' 


The answer is d. 


2.3 Solving Right Triangles 


EVEN SOLUTIONS 
2: If the sides of a triangle are accurate to three significant digits, then angles should be measured to the nearest tenth of 
a 
degree, or the nearest ten minutes. 
4. In general, round answers so that the number of significant digits in your answer matches the number of significant 
digits in the least significant number given in the problem. 
6. a. three 
b. three 
c. five 
d. three 
8 a. five 
b. five 
c. five 
d. seven 
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10. Begin by drawing AABC: 
B 
15 ft a 
a 
A Hc 
Therefore: 
sin52° = £ 
15 
a=15sin52°~ 12 ft 
12. Begin by drawing AABC: 
B 
NT udi 
A Hc 
55m 
Therefore: 
cos64? = a 
C 
ccos64° = 55 
c= 25 2125m2+130m 
cos 64? 
14. Begin by drawing AABC: 
B 
3.45 ft K 
a 
A Hc 
Therefore: 
cos24.5? = EUR 
3.45 
a=3.45cos24.5° = 3.14 ft 
16. Begin by drawing AABC: 
B 
-— E 
A Hc 
b 
Therefore: 
tan17.71? — NM 
43.21 
b= 43.21tan17.71? = 13.80 in. 
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18. Begin by drawing AABC: 


B 
16 cm 
A C 
29 cm 
Therefore: 
tanA= 6 
29 
A-tan ! B x 29° 
29 
20. Begin by drawing AABC: 
B 
7.7m 
A C 
2.7m 
Therefore: 
cosA= ae 
7.7 
A=cos! (27) z 69° 
7. 
22. Begin by drawing AABC: 
B 
5.678 ft 
2.345 ft 
A C 
Therefore: 
m 2.345 
5.678 


A= st 2348 E 24.399 
5.678 


24. Begin by drawing AABC and label missing information: 


B 
36m 
a 
A Hc 
b 
Note that B-90?—71? 219?. Therefore: 
sin71? =Z gara 
36 36 
a=36sin71° = 34 m b=36cos71°=12m 
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26. Begin by drawing AABC and label missing information: 
B 
3.48 in. 
C 
Note that B = 90? — 48.3? = 41.7°. Therefore: 
sin48.3? = ane b 
csin 48.3? = 3.48 POE 4.66 
b — 4. 48.3? = 3.10 in. 
= dB < 4.66 in. 66 cos 48.3° = 3.10 in 
sin 48.3? 
28. Begin by drawing AABC and label missing information: 
B 
e a 
66°54’ . 
88.22 cm 
Note that B = 90? — 66?54' = 89?60' — 66°54' = 23°6'. So: 
cos66?54' = a 
o Fr. a 
cc0s66°54! = 88.22 Ha Goods 88.22 
__88.22 ~ 224.9 om a = 88.22 tan 66°54’ ~ 206.8 cm 
cos 66?54' 
30. Begin by drawing AABC and label missing information: 
Note that A = 90? — 21° = 69°. Therefore: 
cos 69? = He sin 69° = — 
4.2 4.2 
b = 4.2 cos 69° = 1.5 ft 4.2 sin 69° = 3.9 ft 
32. Begin by drawing AABC and label missing information: 
B 
c 
a 
A Jc 
125 mm 
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Note that A = 90? — 53?30' = 89°60’ — 53°30’ = 36°30". So: 


cos 36°30" = 129. 
£ 03g 4 
Ccos 36°30! 2125 nU S 
125 a=125 tan 36?30' x 92.5 mm 
c= ———— — = 156 mm 
cos 36?30' 


34. Begin by drawing AABC and label missing information: 


5.555 mi 


A C 


Note that A — 90? — 44.44? — 45.56? . Therefore: 


sin 45.56? = pues tan 45.56? = S208 
C 
csin 45.56? = 5.555 b tan 45.56? — 5.555 
zo 5:999. 5378042 puces 
sin 45.56? tan 45.56? 
36. Begin by drawing AABC and label missing information: 
B 
99 ft 
A C 
85 ft 
Therefore: c2 485? 499? ~ 130 ft. Finding the angles: 
tanA- em 
85 
A-tan ! A = 49? 
85 
B=90° -49° = 41° 
38. Begin by drawing AABC and label missing information: 
B 
73.6 cm 
62.3 cm 
A C 
b 
Therefore: b = 73.6? — 62.3? ~ 39.2 cm. Finding the angles: 
sin A = oe 
73.6 
af 62. 
A-sin! (83) = 577.8? 
73.6 
B = 90° — 57.8° = 322? 
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40. Since the right triangle is a 45?—45?—90? triangle, its height is 2.0. Therefore: 


tanA = an) 
3.0 


42.  Re-drawing the figure: 


19 


a 
D 
Using the right triangle: 


cos62° = 
(19 +x) cos62°=19 


19+x= 


46.  Re-drawing the figure: 
D 


h 


SN 48? 


First find x: 
tan 4g° =~ 
24 


X= 24 tan 48° x 27 
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44. Re-drawing the figure: 


C 
r 
7 
15 
" A 
D 
Using the right triangle: 
cos 45° = 
r+15 
(r+15)cos45°=r 
rcos45°+15cos45°=r 
15cos45°=r-—rcos45° 
15cos 45° =r(1—cos 45°) 
ie 15 cos 45° 
1—cos45° 
(2) 
2) 15/2 
= = = 36 
142 2-42 
2 
48. Re-drawing the figure: 
D 
32 
A 
19 
x 
Nx C 
B 
First find x: 
sin 49° = ~ 
19 
x=19sin 49? «14 
Problem Set 2.3 


Now find h: 


P 
47 


h=27 tan 53° « 35 


Now find ZABD: 


50.  Re-drawing the figure: 52. Re-drawing the figure: 
B 
56 h 
A A 48 dc 
y D x y D x 
First find x: First find h: 
cos 48° = Ž gnan 
12 5 
x = 12 cos 48° = 8.0 h = 56 sin 32° « 30 
Now find y: Now find x: 
cos23°= 8+ tan4g° = 29 
17 X 
8+y= 17 cos23° x tan 48° = 30 
y -17c0s23?- 8 = 7.6 es 30 . 
tan 48? 
54.  Re-drawing the figure: 
B 
h 
" 
A | D m e 
Note that tan61°= Ly so h=xtan61°. Also note that tan 32° = i i So h= (14 + x)tan 32°. Setting these 
x X 
two expressions equal: 
xtan61? — (14 4 x)tan 32? 
xtan61? 214 tan 32? + x tan 32? 
x tan 61? — xtan 32? = 14 tan 32? 
x(tan61? — tan 32°) = 14 tan 32? 
14tan32° 
tan61°—tan32° 
56. Since GC = CD = 3.00, using the Pythagorean Theorem: GD = N 3? 13? = V18 = 342 . Therefore: 
tan ZGDE Oa hs 
GD 3/2 42 
af 1 
ZGDE - tan (=) & 35.3? 
V2 
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58. First find ZCAB: Now find ZEAB: 
tan( CAB) = id tan( ZEAB) - T 
54 54 
ZCAB = tan ! ($) z 50.71° ZEAB = tan ! (3 ~ 55.30? 
54 54 
Therefore: ZCAE = ZEAB — ZCAB = 55.30? — 50.71? = 4.6? 
60. Let O represent the center of the goal. 
First find ZOAD: Now find ZOAF: 
tan( ZOAD) - xn tan( ZOAF) - = 
54 54 
-1( 6 _1( 12 
ZOAD -tan | — | = 6.34° ZOAF = tan | — | «12.53? 
54 54 
Therefore: ZDAF = ZOAF — ZOAD = 12.53? — 6.34? = 6.2? 
Since ZCAE is also 6.2°, the sum of the angles is 12.4°. 
62. Since 12.4° is much greater than 4.6°, the chance of scoring is much better from the center than from the corner of the 
penalty area. 
64. From Example 5, we have: 
cos135? = pom 
125 
= 1 _139-h 
Js. 125 
125 
——==139-h 
V2 
h=139 qe x 227.4 
V2 
The rider is approximately 230 ft above the ground. 
66. First note that the distance from the ground to the low point of Colossus is 174 — 165 = 9 ft. The radius is 82.5 ft. 
Since x h = 82.5 +9 = 91.5, x=91.5—h. Therefore: 
x 91.5-h 
cos 0 = = 
82.5 82.5 
91.5 — h = 82.5 cos 0 
h = 91.5 — 82.5 cos 0 
a. Substituting 0 = 150°: h = 91.5 — 82.5 cos 150° = 163 ft 
b. Substituting 0 = 240° : h = 91.5 — 82.5 cos 240° « 133 ft 
c. Substituting 0 = 315°: h = 91.5 — 82.5 cos 315° «332 ft 
68. First note that the distance from the ground to the low point of the High Roller is 550 — 520 = 30 ft. 
The radius is 260 ft. Since x+ h=260+30=290, x 2 290— h. Therefore: 
x  290-h 
cosQ- — = 
260 260 
290 —h = 260cos 0 
h = 290 - 260cos8 
Substituting 09-110?: h= 290—260 cos110° = 379 ft = 380 ft 
70. Entering the functions Y; = — a; = 80)? +70 and Y, = tan! (5) , complete the table: 
X 10 5 1 0.5 0.1 0.01 
Yi | 16.4063 | 8.4766 | 1.7391 | 0.8723 | 0.1749 | 0.0175 
Y, | 58.6° | 59.5? | 60.1? | 60.2? | 60.2? | 60.3? 
Based on these results, it appears the angle between the cannon and the horizontal is approximately 60.3?. 
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1 lY a 
72. Since cscB- 5, sinB=—, so sin? B=(+] d 
5 5 25 


2 
74. Finding cos? A: cos? A=1-sin? A=1 B 2j on 
4 16 16 


So cosA -e. Since A terminates in quadrant IL, where x <0, cosA « 0. Thus cosA= -Z 


76. First find sin 0 (note sin 0 < 0 since @ terminates in quadrant IV): 


sin@=—V1—cos” 0 = 1 Be f- 2 = 25 
V 5 5 xs 5 


Now find the other four trigonometric ratios using x = 1, y = 2, and r= V5: 
secO=—=5 eget ass tan@=~=-2 sts 
X y 2 X y 2 


: i 1 : ; ; 
78. Since csc = —2, sin@=——. Now find cosÓ (note that cos@< 0 since @ terminates in quadrant III): 


2 
| » 
cosQ -—/1-sin? 0 = 1 | 1) = i! L= E- 8 


Now find the other three trigonometric ratios using X = -3 ,y-7-landr-2: 


r 2. N3 1 10 43 
X 


y - x v3 
= tan (0252-4 
£53 3 75 21238-8058 ui eg ed 


80. Finding side b: 


cosA= 


cole 


cos 58° = — 
15 


b=15cos58° = 7.9 ft 
The correct answer is c. 
82. Let x represent the height of the rider above the center of the wheel (which is 51.5 feet above the ground). Since the 
point of the rider is 50° above the horizontal, we have: 
f h- 51.5 
sin 50° = 
45 
h- 51.5 = 45 sin 50? 
h = 51.5 + 45 sin 50° = 86 ft 

The correct answer is c. 


ODD SOLUTIONS 


1. left, right, first nonzero, not 3. sides, angles 
5. a.2 b.3 c2 d.2 7. a4 b6 c4 d.4 
9. cos 42° = P. Cosine relationship 
b = 89 cos 42° Multiply both sides by 89 
= 89(0.7431) Substitute value for cos 42° 
= 66cm Answer rounded to 2 significant digits 
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22 


11. sin 34° = — 
c 
csin34° =22 
22, 
C= 
sin 34° 
22 
C= 
0.5592 
c=39m 
: à b 
13. sinl6.9° = —— 
7.55 
b =7.55 sin 16.9° 
= 7.55 (0.2907) 
=2.19cm 
15. tan55.33° = dos 
a tan55.33° =12.34 
_ 1234 
tan55.33 
12.34 
aq=———_ 
1.4458 
a=8.535 yd 
17. tan B= pom 
42.3 
= 0.7659 
B= tan” (0.7659) 
B=375° 
19. sin B= SR 
2 
= 0.8166 
B - cos ' (0.8166) 
255 
Lo Bst 
45.54 
= 0.5120 
B=cos ' (0.5120) 
-5920' 
23. First, we find ZB: 
Next, we find side a: 
sin25° = E 
24 
a =24sin25° 
a-10m 
Last, we find side b: 
cos25° = LA 
24 
b =24 sin25* 
b 222m 
Chapter 2 


Sine relationship 
Multiply both sides by c 


Divide both sides by sin 34° 


Substitute value for sin 34° 
Answer rounded to 2 significant digits 
Sine relationship 


Multiply both sides by 7.55 


Substitute value for cos24.5° 
Answer rounded to 3 significant digits 


Tangent relationship 
Multiply both sides by a 


Divide both sides by tan 55.33 


Substitute value for tan55.33' 
Answer rounded to 4 significant digits 
Tangent relationship 

Divide 

Use calculator to find angle 

Answer rounded to the nearest tenth of a degree 
Sine relationship 

Divide 

Use calculator to find angle 

Answer rounded to the nearest degree 
Cosine relationship 


Divide 23.32 by 45.54 
Use calculator to find angle 


Answer rounded to the nearest hundredth of a degree 
LB 290 -ZA =90 -25 265" 

Sine relationship 

Multiply both sides by 24 

Answer rounded to 2 significant digits 

Cosine relationship 


Multiply both sides by 24 
Answer rounded to 2 significant digits 
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25. 


27. 


29. 


First, we find ZB: 


Next, we find side c: 
sin 32.6' = dou 
c 
43.4 
pease 
sin 32.6" 
= 80.6in 
Last, we find side b: 


tan57.4° = ce 
43.4 
b = 434 tan57.4 
-6791in 
First, we find ZB: 


Next, we find side a: 


tan10°42' = —2 — 
5.932 


tan10.7° = —— 
5.932 


a = 5.932 tan10.77 


a-1.121cm 
Last, we find side c: 
5.932 


cos10.7° = 


c 
6 794932 
in cos 10.7* 
c=6.037 cm 

First, we find ZA: 


Next, we find side a: 


cos 76° = A: 


a=5.8 cos76° 


=1.4ft 
Last, we find side b: 


sin 76° = a 
5.8 


b=5.8 sin76 =5.6ft 


Chapter 2 


ZB=90°-ZA 
= 90° -32.6 257.4 


Sine relationship 


Multiply both sides by c then divide by sin 32.6° 


Answer rounded to 3 significant digits 


Tangent relationship 


Multiply both sides by 43.4 
Answer rounded to 2 significant digits 
ZB=90°-ZA 

= 90° -10°42' 

= 79'18' 


Tangent relationship 


Change angle to decimal degrees 


Multiply both sides by 5.932 
Answer rounded to 4 significant digits 


Cosine relationship 


Multiply both sides by c then divide by cos10.7° 


Answer rounded to 4 significant digits 
LA = 90° - 76° 
=14° 


Cosine relationship 


Multiply both sides by 5.8 
Answer rounded to 2 significant digits 


Sine relationship 


Multiply both sides by 5.8 and round to 2 significant digits 
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31. 


33. 


35. 


First, we find ZA: 


Next, we find side a: 


tan 26°30'= oe 
a 
tan26.5° = a 
a 
324 
a = ———— 
tan26.5° 
a =650 mm 


Last, we find side c: 


sin 26.5° wens 
c 


324 


"T n265 
=726 mm 


First, we find ZA: 


Next, we find side b: 


tan23.45' = E. 
5432 


b 25432 tan 23.45° 


=2.356 mi 
Last, we find side c: 
5.432 
c 
5.432 


K cos23.45* 
—5.92] mi 


First, we find ZA: 


cos 23.45° = 


223 
Next, we find ZB: 


ZA=90°-ZB 
= 90° -26°30' 
= 63°30' 


Tangent relationship 


Change angle to decimal degrees 


Multiply both sides by a then divide by tan 26.5° 


Answer rounded to 3 significant digits 


Sine relationship 


Multiply both sides by c then divide by sin26.5° 


Answer rounded to 3 significant digits 
ZA = 90° - 23.45 


266.55 
Tangent relationship 


Multiply both sides by 5.432 
Answer rounded to 4 significant digits 


Cosine relationship 


Multiply both sides by c and then divide by cos23.45° 


Answer rounded to 4 significant digits 


Tangent relationship 


Divide 37 by 87 
Use calculator to find angle 


Answer rounded to nearest degree 


ZB=90°-ZA 290 -23 =67 


Last, we find c: 
c =37° +87 
= 1369 + 7569 
= 8938 
c=+95 
= 95 ft 


Chapter 2 


Pythagorean Theorem 
Simplify 

Simplify 

Take square root of both sides 
c must be positive 
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37. First, we find 7A: 


Bere = 377.3 
588.5 
= 0.6411 

A =cos '(0.6411) 
=50.12° 


Next, we find ZB: 


Last, we find side a: 
a^ -371.3 2588.5? 


a’ = 203,976.96 
a=+451.6 
= 451.6 in 
39. Using ABCD, we find BD: 
sin 30° = BR 
6.0 
BD = 6.0sin 30° 


=3 
Next, we find ZA 


dna scc. 
4.0 
=0.75 
A -sin (0.75) 
A 249 
41. sin3 l’ = 1 
x+12 
(x+12)sin31° =12 
x+12 = E 
sin3T 
x= = -12 =11 
sin 31° 
43. cos65° = d 
r+22 


r =(r+22)cos65° 
r =r cos65° -22cos65* 
r-rcos65° =22cos65° 
r(1-cos65°) = 22c0s65° 


22cos65' 
pe 


~ ]- cos 65 
=16 


Chapter 2 


Cosine relationship 
Divide 
Use calculator to find angle 
Answer rounded to nearest hundredth of a degree 
LB =90°-ZA 
= 90° -50.12° 
= 39 88° 


Pythagorean Theorem 
Subtract and simplify 

Take square root of both sides 
a must be positive 


Sine relationship 


Multiply both sides by 6 
Exact answer 


Sine relationship 
Divide 
Use calculator to find angle 


Answer rounded to the nearest degree 
Sine relationship 
Multiply both sides by x + 12 


Divide both sides by sin31° 
Subtract 12 from both sides and round to 2 significant digits 


Sine relationship 


Multiply both side by r + 22 

Use distributive property 
Subtract r cos 65° from both sides 
Factor left side 


Divide both sides by 1—cos65' 


Answer rounded to 2 significant digits 
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45. Using AABC, we find side x: 


Tangent relationship 


Multiply both sides by 42 
Answer rounded to 2 significant digits 


Tangent relationship 


Substitute value for x 

Multiply both sides by 79 

Answer rounded to 2 significant digits 
Sine relationship 


Multiply both sides by 32 


tan62° - — 
x-242tan62 
=79 
Next, using AABD, we find side h: 
tan27° = h 
x 
fue 
79 
h=79 tan27° 
h=40 
47. Using AABC, we find side x: 
sin4l = 
32 
x 232sin4T 
=21 


Answer rounded to 2 significant digits 


Next, using AABD, we find ZABD: 


tan ZABD = H 


X 
_19 
21 
= 0.9047 
ZABD = tan ' (0.9047) 
LABD = 42° 
49. Using ABCD, we find side x: 


cos 58° E 
14 


x 214 cos58° 

x=7.4 
Next, using AABC, we find y: 
cos41° = 27» 


x*y-218cos4T 


x+y=13.58 
7.4+y=13.58 
y =6.18 = 6.2 
Chapter 2 


Tangent relationship 


Substitute known values 


Divide 19 by 21 
Use calculator to find angle 


Answer rounded to the nearest degree 


Cosine relationship 


Multiply both sides by 14 
Answer rounded to 2 significant digits 


Cosine relationship 


Multiply both sides by 18 

Evaluate right side 

Substitute value for x 

Subtract 7.4 from both sides and round to 2 significant digits 
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51. Using AABC, we find side h: 
sin41° = p Sine relationship 
h =28 sin4T Multiply both sides by 28 
=18 Answer rounded to 2 significant digits 
Next, using ABCD, we find side x: 
tan58° = i Tangent relationship 
x 
tan58° = B Substitute value found for h 
x 
x= E =11 Solve for x and round to 2 significant digits 
tan58° 
53. Since h is in both AABC and ABCD, we will solve for h in the two triangles: 
In ABCD, tan57° = B Tangent relationship 
x 
h2xtan57T Multiply both sides by x 
In AABC, tan43' = LE Tangent relationship 
x+y 
h= (x + y)tan 43° Multiply both sides by x + y 
h=(x+11)tan43° Substitute value for y 
Therefore, x tan57° =(x+11)tan43° Property of equality 
xtan57 =x tan43+11 tan 43° Distribution Property 
x tan57° - x tan 43° =11 tan 43° Subtract x tan 43° from both sides 
x(tan 57° - tan43°) = 11 tan 43° Factor left side 
= EE IA = Divide both sides by tan57° - tan 43° 
tan 57° — tan 43° 
55. From Problem 69 in Problem Set 2.1, we found that 
‘ 1 
sin 0 =—= 
V3 
= 0.5774 
0 —-sin'! (0.5774) 235.3 
57. From Problem 69 in Problem Set 2.1, we found that 
cosQ = v2 
V3 
= 0.8165 
0 =cos" (0.8165) 2353 
59. We know that EC = DF =6 ft, EB = 78 ft, CB = 72 ft, DB = 60 ft, and ZFAB = 45°. 
in “ABS un CABS = ion ZDAB= 99 
54 54 54 
ZEAB = tan! S ZCAB = tan 7 ZDAB- tan"! 99 
LEAB 2 55.3 LCAB = 53.1’ LDAB = 48.0 
EAC-ZEAB-ZCAB and DAF = ZDAB —- ZFAB 
= 55.3°-53.1° =2.2° = 48 0° — 45° = 3.0° 
Therefore, the sum of the angles is 5.27. 
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x 139-h 


63. cos 120° = — 
125 125 
125 cos120° =139-h 
h =139-125cos120° Solve for h 
=201.5 
= 200ft Round to 2 significant digits 
65. r=98.5 
a h=12+98.5+x 
cos60.0° = —— 
98.5 
x = 98.5 cos 60.0° 
= 49,25 


h=12+98.5+49.25 
=159.8 = 160 ft 
b. h=12+98.5+x 


cos 30.0° = = 
98.5 
x = 98.5 cos 30.0° 
= 85.3 


h=12+98.5+85.3 
= 195.8 = 196 ft 


c r+12=98.54+12=110.5 


h =110.5-x 
cos45.0° = =e 
98.5 
x = 98.5 cos 45.0° 
=69.7 
h=110.5- 69.7 
= 40.8 ft 


67. The radius of the London Eye is = =67.5. 


67.5 — 44.5 
cosQ = 
67.5 
|. 23 
67.5 
0 = cos ' (0.6592) 
0 2 70.T 
71. secü -2 
cosQ — ae, Reciprocal identity 
secO 
= d Substitute known value 
2 
sapi ot ! 
cos Q-2|—| =— Square both sides 
2 4 
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73. cosÓ 2 —/1- sin? 


Pythagorean identity, 0 in QII 


75. cosÓ 2 —/1- sin? 0 


Pythagorean identity, @ in QII 


Substitute known value 


=—,/1-— Simplif 
4 pity 
zu rad 
4 2 
ung Pus Ratio identity de dod 
cos sinQ 
= X32 Substitute known values = l = 2 = 243 
-1/2 392 3 
--43 Simplify 
1 : : . 1 
secO= Reciprocal identity ot@= 
cos@ nd 
wed oy PEE E 
-1/2 -3 B 3 
77. cosO= 2a Reciprocal identity tanĝ= sind 
sec cos 
— 2 
= th Substitute known values = 5 


EN mE l2 
4 4 
2588 
2 
81. ius 
58 
B-3Y 


The answer is b. 


Chapter 2 


-45 


Pythagorean identity, 0 in QIII 


Reciprocal identity 


Reciprocal identity 


Ratio identity 


Substitute values 


Substitute value forcos@ cot@= = A Reciprocal identity 
n 
V3 
Simplify == = 
E 3 
csc O= "y Reciprocal identity 
sing 
01) 2 245 
-V3/2 43 3 
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2.4 Applications 


EVEN SOLUTIONS 

2. If an observer positioned at the vertex of an angle views an object in the direction of the non-horizontal side of the 
angle, then this side is called the line of sight of the observer. 

4. The bearing of a line is always measured as an angle from the north or south rotating toward the east or west. 

6. Sketching a figure: 8. Sketching a figure: 


\ 50° 
10. Sketching a figure: 12. Sketching a figure: 
north north 
A A 
75° 
A 
west < > east west < > east 
A 
south south B 
14. Call x the length of each side. Note the figure: 
x/2 x/2 
Therefore: 
; 12. 
sin 60° = ue 
x 
xsin 60° 212.3 
x= ies =14.2 
sin 60° 
The length of each side is 14.2 in. 
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16. Call w the length of the shorter side (width), and s, t the required angles. Note the figure: 
278 mm 
Find w using the Pythagorean Theorem: 
278? +.w? = 348? 
w° = 348? — 2787 = 43820 
w = 209 
Now find angles s and t: 
278 
cos S = —— 
348 
s=cos | (25) = 37.0? 
348 
t = 90? — 37.0? = 53.0? 
The shorter side is 209 mm, and the two angles are 37.0? and 53.0°. 
18.  Leth represent the height of the hill. Draw the figure: 
2.5 mi 
h 
Therefore: 
sin6.5°= I. 
2:5 
h=2.5sin6.5° = 0.28 
The hill is approximately 0.28 mi high, which is approximately 1,480 feet. 
20. Lets represent the angle between the ladder and the wall. Draw the figure: 
8.5 ft 
4.5 ft 
Therefore: 
tans — 25 
8.5 
s — tan (85. 28? 
8.5 
The angle between the ladder and the wall is approximately 28?. 
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22. Leth represent the height of the building. Draw the figure: 


h 
37.5 ft 
Therefore: 
tan 73.4? = EM 
37.5 
h=37.5 tan 73.4? «126 
The height of the building is approximately 126 feet. 
24. Draw the figure with the associated labels: 
29° 17° 
a 
x y 
The sum x+y represents the width of the sand pile. Using the two triangles: 
tan29° = 13 apri 
X y 
xtan29? 215 ytanl7? 215 
pz) uon y- = z 49.1 
tan 29° tan17° 


The width of the sand pile is therefore 27.1 + 49.1 ~ 76 feet. 
26. a. First note that : in.— > - 1600 21000 ft, which is the horizontal distance between Stacey and Travis. 


b. There are 8 contour intervals between Stacey and Travis, which corresponds to a vertical distance of 
8-40 = 320 ft. 
c. Let s represent the elevation angle. Construct the triangle: 
320 ft 
T 
1000 ft 
Therefore: 


320 
tan s = ——=0. 
1000 


s = tan | (0.32) ~ 17.7° 
The elevation angle from Travis to Stacey is approximately 17.7°. 
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28. Construct the figure: 


60.0 ft 
x 
First consider the triangle: Now consider the triangle: 
30.3 ft 
60.0 ft 
D 
x 
Therefore: Therefore: 
tan 63.2° = as tan 34.5° = c 
X 30.3 
x tan 63.2? = 60.0 60 — h = 30.3 tan 34.5? 
ya 60.0 23038 h = 60 — 30.3 tan 34.5? = 392 ft 
tan 63.2? 
The building next door 1s approximately 39.2 feet tall. 
30. Construct the figure: 
north 
A 
west « d > east 
N 31° 
3.5 mi T 23 mi 


Y 
south 


To find his distance from the starting point, use the Pythagorean Theorem: 


d? 23.5? 4 2.32 217.54 


d-417.54 z 4.2 mi 


Now find angle s: 


His bearing is S 88? W. 
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32. Construct the figure: 


north 
S 
18.2? 
21 yd 
west æ T d R > east 
south 
Therefore: 
tan18.2° = EE 
21.0 
d = 21.0tan18.2? = 6.90 
The distance from the tree to the rock is 6.90 yards. 
34. Construct the figure: 
north 
63?50' 
west < > east 
111 mi 
e 
south 
Therefore: 
sin 63°50! = — c0s 63°50! 2 
111 111 
e=111sin63°50' = 99.6 mi s—111cos63?50' = 48.9 mi 
The boat travels 48.9 mi south and 99.6 mi east. 
36. Draw the figure: 
h 
ia 
25 ft x 
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From the smaller triangle: 


tan 65° = u 
X 
xtan65°= h 
h 
x= —— 
tan 65° 


Setting these two expressions equal: 
h h 


tan65° tan 54? 
hcot 65° = hcot54? —25 


hcot 65? —hcot 54? 2 —25 
h(cot65? —cot 54°) =—25 


25 ` 


h= z 
cot 54° — cot 65° 
The height of the obelisk is approximately 96 feet. 


From the larger triangle: 


tan 54° = 


25+x 
(25+x)tan54°=h 


38. First find the length CB: 
tan12.3° = 229 
CB 
CBtan12.3? = 426 
gpa Eo 1,954 ft 
tan12.3? 
Therefore: 
sin BCA = eB 
CB 
sin 57,5° = AB. 
1954 
AB =1954sin57.5° «1,650 ft 
A rescue boat at A will have to travel approximately 1,650 feet to reach any survivors at point B. 
40. Construct a figure: 
north 
west < east 
35 ft 
south 
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35 


First note that each person is zo ft & 24.7 ft from the base of the tree. Let h represent the height of the tree. Now 


construct the triangle: 


h 
" 
24.7 ft 
Therefore: 
tan58° = oe 
24.7 
h = 24.7 tan 58° = 40 ft 
The tree is approximately 27 feet tall. 
42. Construct the figure (not drawn to scale): 
A 
4.55 mi 
B 
4000 mi 
4000 mi 
Using the Pythagorean Theorem: 
x^ 4 3960? = 3964.55? 
x^ 415,681,600 = 15, 717,656.7 
x? = 36,056.7 
x = 190 
The plane is 190 miles from the horizon. Now find angle A: 
i 3960 
sinA= 
3964.55 
A= sn 2200 J 87.3° 
3964.55 
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44. Construct the figure: 


north 
75° 
P 
west < 7 > east 
x 
M 
25-x 
d 
T 
south 
Consider the two triangles: 
y 
" 
x 
25-x 
d 
y 
Therefore: 
tan 759 2 X tan659 = — 
X 2.5—x 
y-xtan 75? y - (2.5 - x)tan65? 
Setting these two expressions equal: 
(2.5 — x)tan 65? = x tan 75? 
2.5 tan 65? — xtan 65? 2 xtan 75? 
2.5tan 65? = x tan 75? + x tan 65? 
2.5tan 65? = x (tan 75? - tan 65°) 
2.5tan 65 «091 
tan 75? 4 tan 65? 
Therefore: 
o 25-x 25-091] 1.59 
cos65? = = = 
d d d 
d cos65? 21.59 
NI = 3.8 mi 
cos 65° 
Tim is approximately 3.8 miles from the missile when it is launched. 
46. Note that sind l sin Q l sin 0 l thus sin 6, l 
. ote tha =o -—-, =—=, ..., thus ————. 
1 J2 2 B 3 JA n usi 44 
48. a. Let x represent the height that is illuminated on the floor. Then: 
tan 84° = da 
X 
x= : & 0.42 
tan 84? 
The illuminated area is then: (0.42)(6.5) = 2.7 ft’. 
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b. Following the procedure from part a: 


tan 37° = 2 
x 
4 
x= z 
tan 37° 


The illuminated area is then: (5.3 1) ( 6.5) ~ 34.5 ft”. The area is much larger on the winter day. 
dide sin@ - 1-sin? 8 Hu cos? 9 
sin ð sin ð sind sind 
l sin@  sin@cos@ _ 
sinÓO cos@ sin@cos@ 
54. Working from the left side: (1— cos&)(1-- cos) = 1— cos0--cos0— cos? 0 1— cos? 0 sin? 0 


GENI ne -1-cos? 0- sin? 6 


1 
secÓ ps osÓ 
58.  Leth represent the height of the flagpole. Then: 


50. Simplifying: E sinü— 
sind 


52. Working from the left side: cos csc @tan@=cos@- 


56. Working from the left side: 1 


tan 74.3? = SH. 
22.5 


h =22.5 tan 74.3? = 80.0 
The flagpole is 80.0 feet tall. The correct answer is d. 
60. Construct a figure: 


north 


west + east 


south 


35 . 
First note that each person is T ft & 24.7 ft from the base of the tree. Let h represent the height of the tree. Now 


construct the triangle: 


h 
24.7 ft 
Therefore: 
tan 65° = mS 
24.7 
h= 24.7 tan65° = 53 ft 
The tree is approximately 53 feet tall. The correct answer is a. 
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ODD SOLUTIONS 


1. elevation, depression 3.  north-south 
For problems 5 through 11, see diagrams in textbook answer section. 
13. To find the height, h, we can use the Pythagorean Theorem: 


h? « (16)! 2 (42) 
h? +256 =1,764 


h? =1,508 b 
h £41,508 = 39cm 
To find angle @, we can use the cosine ratio: 
6 16 16 


The height is 39 cm and the two equal 
angles are 68°. 
15. Consider the right triangle with sides of 25.3 cm and 5.2 cm (one-half of the diameter): 


= 4.8654 The angle the side makes with the base is 78.4". 
0—tan ! (4.8654) 


-78.4 


17. To find the length of the escalator, x, we use the sine ratio: 
sin33° = a X 
x 
21 21 ft 
x= 
sin 33° 
21 E 


0.5446 
The length of the escalator is 39 feet. 


19. sin ĝ = —— 
7 


0—sin (0.5959) 


- 36.6 
The angle the rope makes with the pole is 36.6 


21. We use the tangent ratio to find the angle of elevation to the sun, @: 
73.0 
tang = —— 
51.0 
=1.4313 73.0 ft 
0 = tan ' (1.4313) 
=55.1° E 
51.0 ft 


The angle of elevation to the sun is 55.1°. 


Chapter 2 Page 97 Problem Set 2.4 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


23. tanl l’ = as 
150 x 


x2150tanll =29 cm 


° y 
tan12° = — 
150 d 
y 2150 tan12° 
= 32cm 


The vertical dimension of the mirror is x + y or 61 cm. 
25. a. horizontal distance = 0.50(1,600) = 800 ft 
b. vertical distance = (number of contour intervals)(40) 


=5 (40) 
= 200 ft 
vertical distance 


c. tand=—— - 
horizontal distance 


_ 200 

800 

=0.25 
0=tan" (0.25) 

=14° 
da 39: 

27. tan59° = — A 
9.8 9.8 


y= =—"_ 259 
tan 59° 1.6643 


9.8 
tan 59° J» 
° 4 V 
x= y tan47 y 
= 5.9 (1.0724) =6.3 ft 
The vertical dimension of the door is 6.3 feet. 
29. We use the Pythagorean Theorem to find the distance x: 
x? = 25° +18? 
= 625+ 324 


tan 47° = 


=0.72 
Ø= tan (0.72) 


236 
To find the bearing we add 42°+36° = 78°. The boat is 31 miles from the harbor entrance and its 
bearing is N 78 E. 
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31. tan 65° me 
18 


x =18 tan65° 
=18 (2. l 445) 
=39mi 
The distance from Lompoc to Buellton is 39 miles. 


33. We will call the west distance, x and the north distance, y: 
sin37° 10'= —— cos37°10'= —— 
79.5 79.5 
x= 79.5 sin3710' y = 79.5 cos 37°10' 
=48.0 mi =63.4 mi 
The boat has traveled 48.0 miles west and 63.4 miles north. 
i h 
35. In AABC, tan42.17° = —— 
x+33 


h=(x+33)tan42.17° 
In ABCD, tan 47.5° = B 
X 


h 2 xtan47.5" 
Therefore, x tan47.5° =(x+33)tan42.17° 
x tan47.5° =x tan42.17° +33 tan42.17° 
x tan47.5° - x tan42.17° = 33 tan42.17° 
x (tan47.5° -tan42.17°) = 33 tan42.17 


33 tan 42.17° 


7 tan 47.5° - tan42.17 
The person at point A is 161 feet from the base of the antenna. 


=16lft 


37. tan 86.6° = 2 
24.8 


x=24.8 tan86.6° 
= 24.8 (16.8319) 
=417.431 


tan10.7° = i 
xX 


h= x tan10.7° 
= (417.431)(0.18895) 


=78.9 ft 
The tree is 78.9 feet high. 
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39. First, we will find each person’s distance from the pole, x, using the Pythagorean Theorem: 


x! +x" 225? 
2x! 2625 
x? 2312.5 
x =17.678 ft 
Next, we will find the height of the pole, h, using the tangent relationship: 
tan 56° = "- 
17.678 
h 217.678 tan 56" 
—26ft 
The height of the pole is 26 feet. 
41. sin 76.6 = — 
r+112 


r=(r+112)sin76.6° 
r=rsin76.6 +112 sin76.6° 
r—-rsin76.6° 2112 sin76.6° 
r(1-sin76.6) =112sin 76.6 


ue 112 sin 76.6" 
1-sin 76.6 
 112(0.9728) 
—. 1-0.9728 
. 108.9509 
0.02722 
= 4,000 mi 
The radius of the earth is 4,000 miles. 
43. We want to find x and y in terms of h ^N 
X 
tan 53° x tan31 =Ë 
x y 
xtan53 =h ytan3l =h LE 
h h m. 
X= y= 1 
tan 53° tan 31° 
We know that x + y= 15. Therefore, 
h h M 
T = 
tan53  tan3l 
1 1 
+ = 
ls rl 
h(0.7536 *1.6643) =15 
2.4179h=15 
€ 6.2mi 
2.4179 
The ship is 6.2 miles from the shore. 
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1 1 1 
45. tan0, =- tan 6, -—— tan 0, -—— 
an "42 *o43 
=] =0.7071 = 0.5774 
0, = tan (1) 0, = tan! (0.7071) 0, - tan! (0.5774) 
0, 2 45.00 0, = 3526 0, = 30.00 
49 (sinQ— cos0) =(sinĝ -cos 0) (sin 0— cos) 
— sin? 0—2 sin 8cos 0-- cos? 0 
— sin? 0-- cos? 0—2 sinOcosQ 
—]-2sinOcosÓ 
51 sin OcotÓ —sinÓ- gos d Ratio identity 
sind 
= Sines’ Multiplication of fractions 
sind 
=cos0 Division of common factor 
1 
sec cos 9 ; Eee 
53. a ae Reciprocal and ratio identity 
cos 
B EN COM Division of fractions 
cos@ sind 
= = Multiplication of fractions and divide common factor 
sin 
=cscO 
55. secO—cosd= s cosQ Reciprocal identity 
cos 
= A cost L.C.D. is cos 0 
cos Q cos 
2 
- [oor Subtraction of fractions 
cos Ó 
. 2 
a d Pythagorean identity 
cosQ 
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2.5 Vectors: A Geometric Approach 


EVEN SOLUTIONS 
2. Two vectors are equivalent if they have the same magnitude and direction. 
4. A vector is in standard position if the tail of the vector is placed at the origin of a rectangular coordinate system. 
6. If V makes and angle @ with the positive x-axis when in standard position, then IV. - |V|cos 0 and M - |V|sin 8. 
8. If a constant force F is applied to an object and moves the object in a straight line a distance d at an angle @ with the 
force, then the work performed by the force is found by multiplying |F|cos 0 and d. 
10.  Sketching the vector: 12. Sketching the vector: 
north north 
A 
west < > east West e—a > east 
30 mph 
30 mph 
Y 
south south 
14. Sketching the vector: 16. Sketching the vector: 
north north 
A A 


NE 50 cm/sec 


west < > east west < > east 


20 ft/min 60? 


Y Y 
south south 
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18. Construct the figure for their position after 2 hours (multiply their rates by 2): 
north 


A 


west < > east 


P, 


M 
south 
Using the Pythagorean Theorem: d = 4550? +5107 ~ 750 miles 
To find the bearing from Bj to P, first find the vertical (north-south) change in their positions. This is given by: 
550sin 45? — 510sin 45? = 28.28 miles 


Construct the triangle: 
P, 
750 mi 
28.28 mi 
P, 
Therefore: 
28.28 
coss = 
750 
s=cos! (2828) = 87.8? 
750 
The bearing from P| to P is S 87.8? W. 
20. Computing the magnitudes of V, and Vy: 
V, |=17.6 cos 72.6? = 5.26 
V, |-17.6sin 72.6? ~ 16.8 
22. Computing the magnitudes of V, and Vy: 
V, |= 383c0s12?20' = 374 
Vy | = 383sin12?20' = 81.8 
24. Computing the magnitudes of V, and Vy: 
V, | = 84cos90? 20 
Vy | = 84sin 90° = 84 
26. Using the Pythagorean Theorem: | V |= 54.27 414.5? ~ 56.1 
28. Using the Pythagorean Theorem: | V| = 2.27 +8.87 = 9.1 
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30. Construct the triangle: 


135 mi 


Therefore: 
sin 1.9° = 
135 
x=135sin1.9° ~ 4.48 miles 
The plane will be approximately 4.48 miles off course. 
32. Computing the magnitudes of V, and Vy: 
| V. | 21,800 cos 55° = 1,032 È ~ 1,000 + 


sec 
| Vy |=1,800sin55° = 1,474 = 1,500 $ 
sec sec 


34. The horizontal distance traveled is 1.5 01,032 =1,548 feet ~ 1,500 feet. 
36. Draw the figure corresponding to t = 3 hours: 


north 
A 


west < > east 


south 
The west and south distances are given by: 
west: 960 cos 55° = 550 km south: 960sin 55? = 790 km 
38. Using the Pythagorean Theorem: | v| = 16.57 +24.3? x 29.4 ft/sec 


The elevation angle is given by: 


Bip 
16.5 


Q-tan ! (243) z 55.8? 
16.5 


Chapter 2 Page 104 Problem Set 2.5 


O 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


40. Construct the figure: 
north 


west < > east 
110 mi 
M 
south 
The total distance south and east is given by: 
east: 68 cos 78? +110 cos 30° + 110 miles south: 68 sin 78? + 110 sin 30? ~ 120 miles 
42. The corresponding force diagram would be: 
T 
W 
a 
H 
44. The corresponding force diagram would be: 
F 
W =25 lb 
N 
12.5° 
Therefore: 
fee DEI o_ INI 
sin 12.5° = cos12.5° = 
25.0 25.0 
| F|=25.0sin12.5° = 5.41 Ib | N|=25.0c0s12.5° ~ 24.4 Ib 


46. The corresponding force diagram would be: 
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Therefore: 


sin 50° = zat tan 50° = 2:00 
T| |H] 
| T|sin50° = 2,200 | H] tan 50° = 2,200 
|r|- 2:299 2,900 Ib |= 2:209... | goo Ib 
sin 50? tan 50? 
48. The horizontal portion of the force is given by: |F, =|F| c0s 35? =15cos 35° lb 
The work is then given by: Work =(15cos35°)(52) ~ 640 ft-lb 
50. The horizontal portion of the force is given by: |F, = |F| cos15°=85cos15° Ib 
The work is then given by: Work = (85 cos15°)(110) ~ 9,000 ft-Ib 
52. Drawing the angle in standard position: 
y 
(0,1) 
- T >y 
Since r = 1, sin(-270?) 2 1, cos(—270°) = 0, and tan(—270°) is undefined. 
54. Choose (-1, 1) as a point on the terminal side of 0. Then r= VED? +1? = V2. Therefore: 
spew E 22 cosĝ=Ž= Le v2 
E r Oe) 
56. Since cos@=~= 3 = ES choose x = —6 and r = 10. Now find y: 
r 
(6) +y? 210? 
364 y? =100 
y =64 
y=Ł}8 
58. Using the Pythagorean Theorem: | V |= 9.62 42.3? x 9.9 
Finding the angle: 
tanĝ = Ze 
9.6 
0-tan ! i) ~13° 
9.6 
The correct answer is c. 
60. The horizontal portion of the force is given by: LAN = |F| cos 35? 2 28cos35? lb 
The work is then given by: Work = (28 cos35?) (150) « 3,400 ft-Ib 
The correct answer is b. 
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ODD SOLUTIONS 


1. 
5. 


scalar, vector 3. resultant, diagonal 
horizontal, component, vertical, component 7. zero, static equilibrium 


For problems 9 through 15, see textbook answer section for diagrams. 


17. The first hour, the distance traveled is 
(9.50 mph)(1 hr) = 9.50 miles 
The next hour and a half, the distance traveled is 
(8.00 mph)(1.5 hr) = 12.0 miles 
We will use the Pythagorean Theorem to find x: 
x! 29.507 412.07 
x^ = 234.25 
x=15.3 mi 
We will use the tangent ratio to find @ and then add 37.5°: 
12.0 
tang = —— 
9.50 
—].2632 
0 = tan" (1.2632) 
=51.6° 51.6 +37.5 =89.1° 
The balloon is 15.3 miles from its starting point. The bearing is N 89.1 E. 
19. |V.| =|V|cos 8 IV, -|V|sing 
= 13.8cos24.2° = 13.8sin24.2° 
=12.6 = 5.66 
21. —‘|V,|=|V|cos@ |V,| =|V|sin@ 
= 425 cos3610' = 425 sin36'10' 
= 425 cos36.17° = 425 sin36.17 
= 425 (0.8073) = 425 (0.5901) 
= 343 =251 
23. V,| =|V|cos@ IV -|V|sing 
= 64 cos0” = 64 sin0” 
= 64 (1) =64 = 64(0)=0 
2 2 2 2 
25. |Vi- |v. +v, 27. |V| =v +v; 
=4/(35.0} (26.0) = (4.5) - (3.8) 
-4/1,225 +676 —4/20.25 414.44 
=/1,901 =v 34.69 
= 43.6 =5.9 
29. To find the distance, x, the plane has flown off its course, 
we can use the sine ratio: 
sin2.8° => 28 mi 
28 
x = 28 sin2.8° 
= 1.37 miles true course 
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31. — |V|-|V|cosó |V.| =|V|sin@ 
= 1,200 cos 45° = 1,200 sin 45° 
=1200(0.7071) =1200(0.7071) 
= 850 feet per second = 850 feet per second 
33. In 3 seconds, the bullet travels 3(850 ft/sec) = 2,550 ft. 
35. — |V|-130cos48& |V, =130 sin 48° v, 
=87 =97 m 48° 
The ship has traveled 97 km south and 87 km east. V, 
37. We are given that |V.| = 35.0 and IV. =15.0 
Ivi - Jv. «vl tang = La 
IV. 
= (35.0) « (15.0) 
15.0 
= /1,225+225 ~ 350 
= /1,450 = 0.4285 
= 38.1 feet per second 02232 
Therefore, the velocity of the arrow is 38.1 feet per second at an elevation of 23.2". 
39. To find the total distance traveled north, we must find the sum of lv, and lw] and to find 


the total distance traveled east, we must find the sum of 


V.| and IW, 
We are given that IV] is 170 mi. at an angle of inclination of 90° -18° or 72° and 


also that |w] is 120 mi. at an angle of inclination of 90° - 49° or AT 


V] -V|cosó, I| -Visine, 
2170 cos 72 =170 sin 72 
-170(0.3090) -170(0.9510) 
=53mi =162 mi 

|W,|=|W]cos0, |w,| -|W[sine, 
=120 cos4T -120 sin4T 
-120(0.7547) -120(0.6560) 
=90 mi - 80 mi 

|V,|+|W, | =162 +80=242 and |V,|+|W,|=53+90 -143 


The total distance north is 240 miles and the total distance east is 140 miles, rounded to 2 significant digits. 
41. |w|- 42.0 


. W| 
Oa m [r| tan45.0° = JH] 
[w] () T 
|w] ; w 
[r|- ——— || =|W|tan 45.0 
cos 45.0 

42.0 = 42.0 tan 45.0" 

| cos450 

=59.4 lb. = 42.01b. 
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43. We are given that |W| = 8.0 


apan "EI 
[w| |w] " 
IN| =|W|cos15° |F| =|W|sin15° n" 
- 8.0(0.9659) = 8.0(0.2588) 
= 7.7 pounds =2.1 pounds F 
45. |w] =42.0 
sin 52.0° = il 
[w] 
|F| =|W]sin52.0° MY 
= 42.0 sin52.0° 
= 33.1 Ib 
47. | 6-20 |F| - 40 Ib, and d=75 ft E 
|E.| =|F|cos 0 Work=|F,| -d 
= 41 cos 20° = (41 cos20°)(75) 
= 2900 ft - Ib. 
49. 0 = 30°,|F| 225 Ib, and d 2 350 ft 
|F,|=|F|cos@ Work=|F,| -d 
= 25 cos 30° = (25 cos30")(350) 
= 7,600 ft - Ib. 


51. (x,y) 2 (-1, 1) 
x=—-l, y=land r= 2 
ins 3. L 2X2 


r J2 2 
1 x 
2 


X 
r 2 
M 


tan135° =-= 
x 


cos135° = 


53. A point on the line y = 2x in quadrant Lis (1, 2). x = 1, y = 2, and r2 JI «2? -45 
sing- 3-2. 25 UN RE L- 
r 


d$ 5 r 45 5 


55. ee 
r 5 10 


y=-8 and r 210 


x? «(-8). =10° 
x’ +64 =100 
x’ = 36 
x=+6 
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Chapter 2 Test 


1. First draw the triangle: 


B 
i 1 
A C 
2 
Note that c= V2? + = 45 . Therefore: 
nac. Su dc. NS 
45. 5 45 5 
sin B = cos A = 2 NS cos B-sinA- 5 
45 5 4S 5 
2. First draw the triangle: 
B 
- 
a 
A C 
6 
Note that a = 4T? S J13 . Therefore: 
sin A = ME cosA= 2 
7 7 
d pcs E NIE 
7 7 
3. First draw the triangle: 
B 
5 
3 
A C 
b 


Note that b= 45? cj 4/16 =4. Therefore: 


cS jc 
5 5 


sinB-cosA- cos B-sinA- 


4. Since y € r, Y <1. Therefore sing=~ < 1, so it is impossible for sinÓ = 2. 

r r 
5. sin14? = cos(90? — 14?) = cos 76° 

2 2 
6. Simplifying: sin? 45°+ cos? 60° = v2 IB zl de 
2 2 2.4 4 

7: Simplifying: tan45?-- cot45? 14-122 
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tanA = L 
2 


tan B=cotA===2 


eres 

6 
tanB=cotA= 6 MOVE 
JÀ/3. 13 


tanA= 2 
4 


tan B = cot =$ 
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2 2 
8. Simplifying: sin? 60? — cos? 30° (5 5 


m 1 1 
9. Simplifying: =sin30°= 
PNE csc 30? 2 
10. Adding: 48°31'+24°52' = 72?83' = 73?23' 
11. Converting to degrees and minutes: 73.2? = 73° + 0.2? = 73°+0.2(60') = 73°12’ 


12. Converting to decimal degrees: 2°48’ = 2°+ 48’ 2 2°+ (=) = 2.8? 


13. Calculating the value: sin 24°20’ = sin (245) = 0.4120 
14. Calculating the value: cos 48.3° « 0.6652 


15. Calculating the value: cot71°20' = eu[niz) = = = 0.3378 
[n1] 
3 


: E 58.7°. 
23 


17. Since secO=1.923, ee ee so o=o 
1.923 1.9 


16. Since sin =0.6459 , = sin (0.6459) x 40.2°. 


18. First sketch the triangle: 


B 
c 
68.0 
A C 
104 
Using the Pythagorean Theorem: c- v 104? +687 ~ 124. Therefore: 
tanA = OR 
104 
A-tan ! (S & 33.2? 
104 
B- 90? —33.2? = 56.8? 
19. First sketch the triangle: 
B 
48.1 
243 
A C 
b 
Using the Pythagorean Theorem: b- v 48.1? — 24.3? ~ 41.5. Therefore: 
24.3 
sin A = —— 
48.1 
A=sin! (242) = 30.3° 
48.1 
B=90°—30.3° — 59.7? 
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20. First sketch the triangle: 


B 
24.9? 
i a 
A C 
305 
Note that A = 90° — 24.9° = 65.1°. Therefore: 
cos 65.1° = a 
SM. dm id 
Fue e Ss ccos65.1? = 305 
a — 305tan 65.1? = 657 ze 305 ~ TA 
cos 65.1? 
21. First sketch the triangle: 
B 
a 
A C 
b 
Note that B = 90? — 35?30' = 89?60' — 35?30' = 54?30' . Also: 
sin35.5°=—° oe ee 
0.462 0.462 
a — 0.462sin 35.5? = 0.268 b = 0.462 cos 35.5° = 0.376 
22. First sketch the triangle: 
x X 
Therefore: 
sin71°= 2 
x 
xsin71? — 52 
x=— Š z 55 cm 
sin 71° 
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23. Sketch the figure: 


h 


1.5 ft 


Therefore: 
tan 75.5? = d 
1.5 


h = 1.5 tan 75.5? ~ 5.8 
The post is approximately 5.8 feet tall. 
24. Draw the figure: 


x y 
Therefore: 
tan47 -2> indies Po 
x y 
xtan47? 235 ytan43? 2 35 
x= = = 32.64 feet y= = z 37.53 feet 
tan 47? tan 43? 
The stakes are 32.6 + 37.5 = 70 feet apart. 
25. Let @ represent the required angle. Then: 
tan = a 
11 
0=tan! (=) = 70° 
11 
26. The magnitudes are given by: 
| Vx | 2 850c0s 52? ~ 523 ft/sec = 520 ft/sec 
| V, | = 850 sin 52° « 670 ft/sec 
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27. Draw the figure: 


north 

A 

est « > east 
wes 30° 
“2 
0 
25 71 

Y 

south 


Therefore the distances the ship has traveled are: 
east: 120 cos 30? = 100 miles south: 120 sin 30? = 60 miles 
28. Drawing the figure: 


—25.5? 
95.5 Ib 
H 
Now find the magnitude of H: 
|H| 
tan25.5? = —- 
95.5 
|H|- 95.5 tan25.5? = 45.6 
Kelly must push horizontally with a force of 45.6 Ib. 
29.  Thecorresponding force diagram would be: 
F 
W = 58.0 lb 


8.5° 


Now find the magnitude of F: 


sing.se - 1L 
58.0 


| F| =58.0sin8.5° ~ 8.57 Ib 
Tyler must push with a force of 8.57 1b. 
30. The horizontal portion of the force is given by: |F, = |F| cos 40° = 44 cos 40? Ib 


The work is then given by: Work = (44 cos40?) (85) ~ 2,865 ft-lb ~ 2,900 ft-lb ft-lb 
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Chapter 3 
Radian Measure 


3.1 Reference Angle 


EVEN SOLUTIONS 
2. The only possible difference between a trigonometric function of an angle and its reference angle will be the sign of 
the value. 
4. a. If 0 EQI, then 8 - 0. c. If 0 EQUI, then 6 = 8 - 180°. 
b. If 6 EQ, then 0-180? - 0. d. If 6 EQIV , then 0 = 360°-@. 
6. The reference angle for 210? is 210° - 180° = 30°: 8. The reference angle for 143.4? is 180° — 143.4? = 36.6°: 
à | 
| 210° 143.4° 
- a ^N ce D 36.6 LN sr 


Y 
10. The reference angle for 93.2? is 180? — 93.2? = 86.8? : 
y 
A 
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12. The reference angle for 171?40' is 180? -171°40' = 8°20’: 
y 
A 


171°40! 


Ro rA »- y 


Y 
14. The reference angle for -330? is -330° + 360° = 30°: 16. The reference angle for —150° is —150? + 180° = 30° : 
y » 


A A 


acl AS 30° i 
E » y - >y 
d xA 


Y Y 
18. The reference angle for 225° is 45°. Since 225° terminates in quadrant III, its cosine will be negative. Therefore: 


cos225? = -cos45? = 2 


20.  Thereference angle for 300? is 60°. Since 300° terminates in quadrant IV, its sine will be negative. Therefore: 


V3 


sin 300° = -sin 60° = e 


22. The reference angle for 315? is 45°. Since 315? terminates in quadrant IV, its tangent will be negative. Therefore: 
tan 315° = -tan45? = -1 
24. The reference angle for —30° is 30°. Since —30° terminates in quadrant IV, its cosine will be positive. Therefore: 


cos(-30°) = cos 30° = d 
26. The reference angle for —330? is 30°. Since —330? terminates in quadrant I, its cosecant is positive. Therefore: 


esc(-330°) = csc 30° = ——— - — -2 
sin 


28. The reference angle for 240? is 60°. Since 240° terminates in quadrant III, its secant is negative. Therefore: 


sec 240° = -sec 60° = -— = = 2-2 
cos UA 


30. The reference angle for 420? is 60°. Since 420° terminates in quadrant I, its cosine is positive. Therefore: 


cos 420? = cos 60° = ; 
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32. The reference angle for 510? is 30°. Since 510° terminates in quadrant II, its tangent is negative. Therefore: 


. o 1 
tan510° = -tan 30° = - 2238 = 1 J3 


cos 30? 4 455 3 


34. Calculating the value: sin 238? = -0.8480 
1 


36. Calculating the value: csc 316.7° = ————_ = -1 4581 
sin 316.7? 
38. Calculating the value: cot253.8° = A = 0.2905 
tan 253.8? 
40. Calculating the value: csc113.2° = —— = 1.0880 
sin113.2? 
42. Calculating the value: tan 420° = 1.7321 
44. Calculating the value: sec909.5° = —— = —].0139 
cos 909.5? 
46. Calculating the value: cos(-345?) = 0.9659 
48. Calculating the value: cot171°40' = cot(I712 = he = —6.8269 
3 2\ 
tan( 1712] 
3 
50. Calculating the value: sec 341°10' = see( 3412 = : = = 1.0566 
cos( 341 
6 


52. Calculating the value: cos(—100°) = -0.1736 


54. The reference angle is given by 6 = sin™! (0.7660) = 50.0? . Since @ terminates in quadrant IV, 
0 = 360° -50.0° 2 310.0? . 
56.  Thereference angle is given by ó- cos"! (0.3090) = 72.0° . Since 0 terminates in quadrant III, 
0 2180? 4 72.0? 2 2520? . 
58.  Thereference angle is given by ó- tan (0.5890) = 30.5? . Since 0 terminates in quadrant I, 0 = 30.5? . 
60.  Thereference angle is given by ó- cos !(0.9652) =15.2° . Since 0 terminates in quadrant IV, 
0 = 360° -15.2° = 344.8? . 
62. The reference angle is given by 6 = sin^ (0.2644) 2 15.3?. Since 0 terminates in quadrant I, 0 215.3? . 


64. Since csc0 - 4.3152 , sin0 = : . The reference angle is given by 6 - sin! : ~134°. 
4.3152 4.3152 


Since 0 terminates in quadrant II, 0 =180°-13.4° 2166.6? . 


66. Since sec0 - -09.4135 , cos0 =- L 
9.4135 


Since 0 terminates in quadrant II, 0 2180? — 83.9? 296.1? . 


. The reference angle is given by ó- eo : = 83.9°. 
9.4135 


68. Since cot0 =-0.4321, tan0 =- 
0.4321 


Since 0 terminates in quadrant IV, 0 = 360? —66.6? 2293.4? . 


. The reference angle is given by 6 = tan"! l =66.6°. 
0.4321 


70. Since csc@ =-7.1768 , sin =- 
7.1768 


Since 0 terminates in quadrant III, 0 =180°+8.0° =188.0° . 
72. The reference angle is 30°. Since 0 terminates in quadrant III, 0 2180? + 30? 2 210^. 
74. The reference angle is 60°. Since O terminates in quadrant III, 0 2 180? - 60? 2240? . 
76. The reference angle is 45°. Since 0 terminates in quadrant II, 0 2180? —45? 2135? . 
78. The reference angle is 45°. Since O terminates in quadrant III, 0 2180? + 45? 2 225^. 


. The reference angle is given by 6 - sin! 
7.1768 


J=80", 
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80. Since cscO - 2, sinf = - , so the reference angle is 30°. Since 0 terminates in quadrant III, 0 2180? - 30? 2210^ . 


82. Since sec0 - 42 , cos@ = + = 2 , so the reference angle is 45°. Since 0 terminates in quadrant IV, 


0 = 360° -45° = 315°. 
V3 3 ee 
84. Since cot@ = p E tan 6 = 48 = 43 , so the reference angle is 60°. Since @ terminates in quadrant III, 


0 180? 460? 2240? . 
86. The complement of 120° is 90° —120? = -30° , and the supplement is 180? — 120? = 60° . 
88. The complement of 90?— y is 90? - (90? — y) = y , and the supplement is 180? - (90? - y) 290? y . 


3/2 


90. The hypotenuse is ar 


92. Simplifying the expression: 4 sin 60? -2cos30° 2 4* ss -2* E 224/3 - 43 = 4/3 


2 2 
2 
94. Simplifying the expression: (sin45° + cos45°)” |] -| : | - (v2 -2 


V2 


96. The reference angle for 210° is 30°. Since 210° terminates in quadrant III, its cosine will be negative. Therefore: 


V3 


cos 210° = -cos 30° = P 


The correct answer is b. 
98.  Thereference angle is given by ó- cos"! (0.3256) = 71.0° . Since 0 terminates in quadrant III, 
0 2180? - 71? 2 251? . The correct answer is c. 


ODD SOLUTIONS 
reference, x 3. positive 
à =180° -150° = 30 7. 60-2538 -180° = 73.8 
? 6 = 360° -311.7 =48.3 11. 6-19510'-180^ =15°10' 
13. 6 = -300° + 360° = 60° 15. 60--120 «180^ = 60° 
17. 0 =180° -135° 19. @=210°-180° 
=45° = 30° 
Since @ terminates in QII, cos@ is negative. Since @ terminates in QIII, sinO is negative. 
cos135° =-c0545'= -VŽ sin210° --sin30 =-— 
21. 0 =180° -135° 23. @=-240°+360° =120° 
= 45° 6 = 180° - 120° = 60° 
Since 0 terminates in QII, tan 0 is negative. Since 0 terminates in QII, cos 0 is negative. 
tan135° =—tan45° - -1 cos(-240*) = - cos 60" -— 
25. 0 =-330° + 360° = 30° 27. 6 =360° -300° = 60° 
Since 0 terminates in QI, sec @ is positive. Since 0 terminates in QIV, csc @ is negative. 
sec(-330') - sec 30° _ 2 _2N3 csc 300° = -csc 60° __ 2 __2N3 
B 3 V3 3 
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29. 0 = 390° -360° = 30° 31. 


Since 0 terminates in QI, sin 0 is positive. 


sin 390° = sin 30° = ; 


For Problems 33 to 51, see answer section of textbook. 
53. First, we find 0: sinĝ = 0.3090 


0 = 480° — 360^ 2 120" 
0 -180^ -120° = 60° 


Since 0 terminates in QII, cot @ is negative. 


cot 480° = -cot 60° = -—— = -— 


0 = sin" (0.3090) 


^ 


0 =18.0° 


ENTER 


Scientific Calculator: 0.3090 | INV [SIN 
Graphing Calculator: |2nd [SIN (10.3090 |) 
Since 0 is in QII, 0 2180 «18.0 


-198.0* 


55. First, we find @: cosÓ - 0.7660 


0 = cos"! (0.7660) 


=40.0° 
Scientific Calculator: 0.7660 [INV ||COS 
Graphing Calculator: |2nd||COS| (|0.7660 ) |ENTER 
Since 0 is in QII, 0 =180° - 40.0 


= 140.0° 


57. First we find 0: tan =0.5890 


@ = tan™' (0.5890) 


6 230.5 
Scientific Calculator: 0.5890 | INV ||TAN 


Graphing Calculator: |2nd||TAN ||(|0.5890 |) 


ENTER 


Since 0 is in QII, 0 =180° 30.5* 
- 210.5 


59. Since @ is in QI, 0-0 cos0 - 0.2644 


0 - cos ! (0.2664) 


=74.7° 
Scientific Calculator: 0.2644 [IN v] COS 


Graphing Calculator: |2nd 


sinĝ - 0.9652 
Ô =74.8° 
Scientific Calculator: 0.9652 | INV [SIN 


61. First , we find 0 ; 


COS}||(| 0.2644 |)|| ENTER 


Graphing Calculator: |2nd [SIN (10.9652 D|| ENTER 
Since @ is in QU, 0 =180° - 74.8 2105.2 
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63. First, we find 0: sec@ = 1.4325 
à-——— 
1.4325 
6 =cos” m 
1.4325 
=45.7° 
Scientific Calculator: 1.4325 vA INV |COS 
Graphing Calculator: |2nd||COS||(|1.4325 |x7'||)| ENTER 
Since 0 is in QIV, 0 =360° —45.7° 
= 314.3° 
65. First, we find 0: cscÓ = 2.4957 
sin@ = 
2.4957 
6 - sin -—- 
2.4957 
0 223.6 
Scientific Calculator: 2.4957 y INV || SIN 
Graphing Calculator: [2nd] SIN ] (| 2.4957 |x| [ENTER 
Since @ is in QII, 0 =180° —23.6° 
2156.4 
67. First, we find 0: cot - 0.7366 
an@ = 
0.7366 
6 = tan 
0.7366 
6 =53.6° 
Scientific Calculator: 0.7366 m INV ||TAN 
Graphing Calculator: |2nd||TAN | (10.7366 x  D|| ENTER 
Since @ is in QII, 0 2180  - 53.6* 
=1264° 
69. First, we find 0: sec@ = 1.7876 
EMG 
1.7876 
0 = cos l 
1.7876 
0-560 
Scientific Calculator: 0.1.7876 Wa INV [COS 
Graphing Calculator: |:2nd||COS| (11.7876 |x | | ENTER 
Since @ is in QIII, 0 =180° +56.0° = 236.0 
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71. First, we find 0: sinĝ = A 73. First, we find 0: cos = e 
0 - 60 6 =45° 
Since 0 is in QM, 0 =180° + 60° Since 0 is in QI, 0 =180° -45° 
-240* =135° 
212. 223 3 "T ^ 
75. First, we find 0: sin0 = Es 77]. First, we find 0: tan@ = 33 
0 =60° 0 =60° 
Since @ is in QIV, 0 = 360° -60° Since @ is in QUI, 0 =180° +60° 
= 300° = 240° 
79. First, we find 0 i secÓ m2 81. First, we find 0 : cscÓ - X 
^ 1 ^ 1 
cos =— sin@ =—— 
2 4 
8-60 6 -45 
Since @ is in QI, 0 =180° - 60° Since 0 is in QII, 0 2180 -45° 
=120° = 135° 
83. First, we find 0: coté =1 
tanü =1 
6 -45 
Since 0 is in QIV, 0 =360° - 45° 
-315* 
85. The complement of 70° is 20° because 70° +20° = 90°. 
The supplement of 70° is 110° because 70° +110° 2180". 
87. The complement of x is 90° — x. 
The supplement of x is 180° — x. 
89. The side opposite the 30° angle is one-half of the longest side, or 7 10=5. 
The side opposite the 60° angle is V3 times the shortest side, or 5V3. 
91. sin 30° cos 60° T 
22 
m 
4 
]3 4X3 
93. sin? 45° 4 cos? 45° = (+5) + Ea 
2 2 
= 1 + l. 1 
2 2 
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3.2 Radians and Degrees 


EVEN SOLUTIONS 
2. When converting between degree measure and radian measure, use the fact that 180 degrees equals m radians. 
4 a 30°= ^ radians (iii) b. 45- 7 radians (iv) 
c  60°= a radians (ii) d.  90°= A radians (i) 
: : $5 tox A , 
6. Computing the radian measure: 0 = — = — - — radian 
r 20 4 
: ; s 120 . 
8. Computing the radian measure: 02 — = T = 4a radians 
r 
s Me 141 
10. Computing the radian measure: 02 — = = —•— = — radian 
r UA 161 4 
4 
12. Computing the radian measure: 0 = E zo - E radian = 0.625 radian 
r 4000 8 
14. a. Drawing the angle in standard position: 
y 
l|. 135? 
- >y 
Y 
: ; n a 3x : 
b. Converting to radian measure: 135? 2135* - — radians 
c. The reference angle is 45° = ` radians . 
16. a. Drawing the angle in standard position: 
1 
340* A4 
Y 
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b. 
6; 
18. a. 
b. 
c. 
20. a. 
b. 
c. 
22. 
24. 
Chapter 3 


Converting to radian measure: 216?10' = 216. B 2161. 


Converting to radian measure: 1° =1¢ 


Converting to radian measure: 340? = 340* TE - Ha radians 


The reference angle is 20° = a radians . 


Drawing the angle in standard position: 


» 


-120* 


Y 


Converting to radian measure: -120? = -120* m 


= 22m radians 
3 


The reference angle is 60° = + radians . 


Drawing the angle in standard position: 


>c 


Y 


Converting to radian measure: 390° = 390* mo = = radians 


The reference angle is 30° = z radians . 


o 


T 


= 3.77 radians 


= ~ 0.0175 radians 
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o 


. ; 2 i 1 : 
26. Let S represent the distance (in statute miles) apart. Since 0 = 30'= 25 convert to radians: 


=e as LED radians . Therefore: 
2 2 180 300 
zx S 
360 4,000 
3605S = 4,0007 


The ships are approximately 34.8 statute miles apart. 
1° 1 x m 


DE - radians 
60 60 180 10,800 


28. First note the conversion: 1’ = 


So 1 nautical mile corresponds to an angle of radians . Then 1 radian = 10/800 nautical miles , so 
T 
0.1 radian = eid = 343.8 nautical miles . 
T 
] z EUNDEM ; X^ cto ed Tr 
30. Since a 35 minute period is — = — of a complete revolution, the number of radians is: —+ 27a = — 
60 12 12 6 
3» d ar a LOT 
i DETUR m ded 
m 4n m 3x 
34. Simplifying: 2” -— = — - — = — 
pius 29 2.2» 2 
36.  Simplifying: m - Bm - BE 2 
6 3 6 6 6 2 
3x x 3x 2m mx 
38. Simplifying: — - —- —-——-— 
pes 4 2 4 4 4 
DE 4n 3x mx - 
40. Writing as a sum: — =—+4+—=7+— 
3 3 3 3 
42. Writing as a difference: Ta Mo =I cs 
4 4 4 4 
44. Writing as a difference: u = EE ope 
6 6 6 6 
46. a. Drawing the angle in standard position: 
à 
3a/4 
m4 PX 
=< d » y 
Y 
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: 3m. 3x 180° 
Converting to degree measure: — radians = 


= 135° 


T 


The reference angle is 45° = Z radians . 


48. a. Drawing the angle in standard position: 


u 


Y 
b. Converting to degree measure: Iur radians = Dm D 180 = 330° 
m 
c. The reference angle is 30° = Z radians . 
50. a. Drawing the angle in standard position: 
- » Xx 
Y 
b. Converting to degree measure: E radians = — z D 159: = -300? 
m 
c. The reference angle is 60? = = radians . 
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52. a. Drawing the angle in standard position: 
- » Xx 
Y 
b. Converting to degree measure: = radians = le 180 = 420° 
c. The reference angle is 60° -Z radians . 
54. Converting to degree measure: 4.2 radians = 4.2 e = = a = 240.6? 
m 
56. Converting to degree measure: 2 radians = 2 e 180 = a =114.6° 
m m 
2 5x : à ] ; ; ex : 5m m 
58. Since EX terminates in quadrant IV, its cosine will be positive. The reference angle is 27 - — = 3 therefore: 
5x x l 
cos — = cos— = — 
3 3. 2 
60. Since z terminates in quadrant I, its cotangent will be positive. The reference angle is + , therefore: 
cos% 42 74 
cot im ee ar | 
^ sint A27 
2 
4 
62. Using the point (0,-1) as a point on the terminal side of 2m f Oud - — - e --] 
2 gnt% -l 
; 5x ; : : 3 i ; 5m x 
64. Since ra terminates in quadrant II, its secant will be negative. The reference angle is st — P3 = 6 therefore: 
5x x 1 1 2 243 
sec — = -sec — = — =- Za ee 
6 6 x — 3 3, 3 3 
cos— 
6 2 
; X 1 
66. Computing the value: PEU p 
68. Since ST terminates in quadrant IV, its sine will be negative. The reference angle is z , therefore: 
4sin(-2] UN RUE, 
6 6 2 
? : T 2x 1 
70. Evaluating the expression: cos] 4° — | =cos— =-— 
6 3 2 
: : : I NE: 
72. Evaluating the expression: 5 sn(3. z) =5 AS 2541-5 
Chapter 3 Page 126 Problem Set 3.2 


O 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


74. Evaluating the expression: l +COS Lu : t v3 = 1+v3 
2 6 2: 2 2 
76. Evaluating the expression: cos ST esa ELE, 
6 3 6 6 2 
78. Evaluating the expression: — : sin|3. 1, T. |-— l sin 2t =- ! sin— =- ! . v3 = E 
2 6 6 2 3 2 2 4 
80. Evaluating the expression: —1+ 3 cus due ]=-1+ 2 cos 2m =-l+ 2 cos% =-1+ 2 . v3 = -8+3V3 
4 6 2 4 3 6 4 2 8 
82. Computing the y-coordinates: cos0 =1, cos Č = Z, cos% =0, cos Žž = 2 cos; --1 
The ordered pairs are (0,1), x v2 ; To : 3a _N2 , and (st,-1). 
4 2 2 4 2 
. : . . o , . 3x ; 
84. Computing the y-coordinates: —sin0 = x --],-sinz = EH -],-sin2z =0 
: T 3m 
The ordered pairs are (0,0), ga ,(,0), EL , and (27,0). 
] ; : o 3 . 3x : 
86. Computing the y-coordinates: 3sin0 =0, dS = 3,3sinz - 0, je = -3,3sin2z =0 
: T 3m 
The ordered pairs are (0,0), 59 ,(,0), E , and (275,0) . 
88. Computing the y-coordinates: 
cos 1.o =cos0 =1, cos Bo - cos T - 0, cos Ls =cosa=-l, 
2 2 2 2 
cos Le 3m |= soe -0, Z Az |-cos2z =1 
2 2 2 
The ordered pairs are (0,1), (75,0), (27,1), (37,0), and (47.1) . 
90. Computing the y-coordinates: 
sin Bu =sin0 =0,sin 042 = sin x2 un Tyr =sin—=1, 
4 4 4 qo 2 4 4 
.[m m . 30 42 . (30 m : 
sin} — + = sin = , sin + -sinz =0 
2 4 4 2 4 4 
The ordered pairs are am ; o, 2 (£i ; x V2 , and (Z. . 
4 2 4 243-2 4 
92. | Computing the y-coordinates: 
—3+sin0 = -3,-34 sin --2,-3-sinz =—3,-3+ sin -—4,-3-sin2; = -3 
. T 3m 
The ordered pairs are (0,-3), 265 ,(,-3), US , and (2z,-3).. 
94. Computing the y-coordinates: 
5cos 25 E =5cos0 =5,5cos dom - 5cos 3 22,5, 5cos 2.27 E =5cosm --5, 
6 3 3 3 3 3 3 
5cos Di. Ecos Eod cede 2e ie Rit =5cos2m =5 
3 3 6 3 
. T T 27 Ta 
The ordered pairs are | 7,5 |,| =,2.5 |, ,-5 |, (2,2.5), and |—,5]. 
6 3 3 6 
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: m 
96. The central angle measurement is: — = — 


8 
98. First convert each angle to radians: 
LT, 2 35?51.449' = 35° + lew = 35.8575? = 35.8575 zi rad = 0.626 rad 
60 180 
LN, =14°28.668' = 14? + (A -144778? = 14.4778 5l rad = 0.253 rad 


LT, =36°25.155'=36° + E =~ 36.4026? = 36.4026 | rad = 0.635 rad 


AE 
180 
LN» = 25°28.776' = 25? + E = 254796? 2 25 736 =| rad = 0.445 rad 


The great circle distance is then given as: 
sin(LT,)sin(LT> )+cos(LT,)cos(LT>)cos(LN, - LN5) 
= sin(0.626)sin (0.635) + cos(0.626)cos(0.635)cos(0.253-0.445) 


= 0.9880 
100. First find r =(-1)? +3° = V1+9 =VI0 . Using x 2 -1, y 2 3, and r=+10 in the definitions: 
sing- 223. 910 cosĝð=Ž=- : __vi0 muse eg 
r 10 10 r 4o 10 x -l 
r 10 r x 1 
csc 9 = — = —— secd =—=-V10 cotü =— =-— 
y 3 x y 3 
102. Choose x= -1 and r= 2 . Find y using x+y? =r’: 
2 
CD? +y? -(v2) 
l+y = 
2 
y = 
y=+l 
Since 0 terminates in quadrant II, y > 0 and thus y = 1. Using x = -1, y= 1, and r 2 2. in the definitions: 
dunes. Luz A san seco - 22 Lg 
Pues x -l x -1 
cscü - = J2 prec 
y y 1 
104. Since 0 terminates in quadrant III, x < O and y < 0. Choose x = -1 and y = 2. Find 
r - ACA +(-2)° =V1+4 =V5 . Using x 2 -1, y 2 22, and r - 5. in the definitions: 
UR ER INE] ctia es oos WDR ue 
ROCX5 o5 r X45 5 x -l 
Apa a NS seco = =-J5 agat ciu 
y 2 x y -2 2 
m An 


. The correct answer is b. 


106. Converting to radian measure: 80° = 80* TT 


liz 120 lla zx 


108. The reference angle is: 2 - * uo E x = — . The correct answer is d. 
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ODD SOLUTIONS 


1. radius 
5 d= E Def of radian measure 
r 
9cm : . 
- Substitute given values 
3cm 
=3 Divide 
9 d= E Def of radian measure 
r 
1 
—cm 
= 1 Substitute given values 
—cm 
4 


= Divide 
13. b. 30=30 (=) 


T d 
=— radians 
6 


c. Reference angle is itself : 


30° = us radians 
6 


17. b. 


-150° = -150| — 
180 


5a 


6 
c. -150° 2-150 + 360° 


=210° 
0 =210° -180° =30° 


30° =30| — 
180 


m . 
- — radians 
6 


40 


21. 120°40' =| 120 +— | 2120.67 
60 


- 


120.677 2120.67 =| 
180 


=2.11 


Chapter 3 


w 
e 
D 
F- 
a 
l 
D 


c. 0-a d. 22-0 


7. 0=- Def of radian measure 
r 
= SEIS Substitute given values 
12 inches 
a Divide 
4 
11. 80- E Def of radian measure 
r 
= 2N Substitute given values 
4000 


=0.1125 Divide 
15. b. 260 =260|— 
180 


- Toe radians 
9 
c. @=260° -180° =80° 


80° = s0( =] 
180 


= ou radians 
9 


19. b. 420° =420/ 
180 
= EAE radians 
3 
c. Ê = 420° — 360° = 60° 
60° = 60 RL radians 
180) 3 


23. 1 minute a degree 
60 


"aas 
604180 


m 
10,800 


= 0.000291 
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25. From problem 23, we know that 1'= 25 
10,800 
fai 
n 
s-r0 
= 4,000 
10,800 
=1.16 miles 
27. 8s30| .— 7... 9. voci. o. 
10,800 60 min 
oS eres a ad gut 
1080 12 6 
31. quU ME CE A 33. 24. 5.8* m 7a 
3 3 3 3 4 4 4 4 
35. m 2 m E S AT 37, 33 * 5a 2a 32 
6 3 6 6 6 3 4 24 4 4 
39. PIENE INE EDU 41. Ia OT m. 
3 3 3 3 6 6 6 6 
die. Uo Itl Um 45. a. z.z) 
4 4 4 4 3 3\ a 
= 60° 
c. Reference angle is itself: 
"T e 60! 
3 
47. a. 27*,.4n[180 
3 3 
-240 
c. 0-240 -180° =60° 
60 =Z 
3 
49. a. -1.12 
6 6\ 2 
=-210° 
c. -210° = -210° + 360° 2150* 
ð =180° -150° 230 
30° =30| = oum 
180 6 
51. 4: lia _ 117/180 
4 4\a 
= 495° 
495° — 360° 2135* 
c. 0-180 -135 =45° 
45 -2 
4 
Chapter 3 Page 130 


Problem Set 3.2 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


53. 1- (=) 55. 
T 
B (= : 
m 
2573 
; 4x : : NM, ] : 
57. Since a terminates in QIII, its sine will be negative. 
port ee 
3 3 
sin _-sinZ = -¥3 Z 60 
3 2 3 
59. — tan =X 61. 
6 3 
63. Since 27. terminates in QII, its cosecant is positive. 
pgs et 
6 6 
T 
csc — = csc — 
6 
1 1 
Xa qe 
sin— — 
6 2 
65. iia 
6 
67. Since —= terminates in QIV, its cosine will be positive. 
0- Eom. B 
4 
6=2n- Up ae 
4 4 
4cos Ru -4cos 
4 4 
42 
2 
-242 
69. ^ sin2x-sin2 z) 71 
NE; 3 
=sin— = — 
3^ 32 
73. 3-sin| Z BAN: 
6 2 2 
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3 

sec — Sagt a 
3 
loop Z) eos 

2 6j 2 
.l(1)|.1 
212] 4 


: 20 F . ; : ; 
Since = terminates in QII, its secant will be negative. 
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75. sin qud =sin zz) 
2 6 2 
T 


; 2x : : ES " 
Since a terminates in QII, its sine is positive. 


ĝ-r- 25-7 

3 3 

T 3 

sin — =sin— = — 
3 2 


77. 4cos 


payee eee 4cos <= =-4cos= -~4(5 
3 3 3 
79. 4—Zsin(3-Z-]=4—Zsin( 2] 
3 6 3 2 
-4-2sin( -2) 
3 2 
2 14 
=4-4(-1)-— 
A ) 3 
81. For x =0, y=sin0 =0 (x,y) = (0,0) 
For zoo, y=sinž == (x,y) = H 
For roe, yesin> =l G9 (£1 
For PERSA EU m UNA (x,y) = Sm Ne 
453 à 4 4 2 KT 
For x=2, y-sinz -0 (x,y) » (2.0) 
83. For x = 0, y--cos0 --1 (x,y) = (0,-1) 
x m 
For x== --cosl-0 Ss 
or x=—, Verbs (x,y) E | 
For x=, y--cosz =-(-1)=1 (x,y) » (7.1) 
For im. y= cos =0 Go] 
For x 22, y--cos(2z) - -1 (x,y) 7 (2z.-1) 
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85. For 


For 


For 


87. For x =0, 


89. For 


For 


For 


For 


91. For 


For 


For 


For 


For 
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= = 
I I 
Nja RÍS 


x tad 
ll ll 
a alg 


E E 
I I 
wla ala 


M 
ll 


w |X 


x-27, 


1 1 
=—cos0=—(1)=— y)=[0.— 
Ja cose (x,y) l ;| 
y = 5 cos =>(0)= (s»)=($0| 
y Se ae oh ee (s)=(-3] 
2 2 
y eges = (0)=0 Go] 
y atium ei( at Gn] 
2 2 
y -sin2(0) 2 sin0 =0 (x,y) - (0.0) 
y -sin2(2) 3n. =! œ»)-(Za) 
y -sin2(2) -sinz -0 (-(£) 
y -sin2(z)-0 (x,y) » (2.0) 
y -ex[2.- 7 cos(o) =1 (x, »-[£4) 
-ex[2- 2 Je e (7 X3 (x, y)- m NB 
í 3 6 6) 2 roo 
y -cos( 2-2) ~co =) 0 (x, »- [Eo] 
~cos{ x- 2 es (I - -7* (x, y)= Bind 
‘ 6 2c E "Ug 
y ~cos{ 1-2) - cos) --1 (x, »- [24 
y=2+c0s0 
=24+1=3 (x,y) = (0,3) 
y =2+cos— 
=2+0=2 =2 69-22] 
y 22-«c0szx 
-2«(-1)21 (x,y) = (7.1) 
y =2 +cos— 
2240-22 6-2] 
y 22-«cos2x 
2241-23 (x,y) » (22.3) 
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T mim T 
93. For x=-—, y=3sin|2|-—|+— x, y) 2| -—,0 
TRE LEE ee) 
- 3sin(-2+ 2) 
2 2 
= 3sin0 23-020 
For x=0, y-3sin 2(0)«2 (x, y) - (0,3) 
T 
= 3sin—=3(1)=3 
= =3(1) 
mim 
For x2 —, y 23sin|2| — 4 — X 
ym) en-(ee) 
T 
- 3sin(Z+2]-3sinz =3(0)=0 
mim 
For x=—, 3sin|2| — |+— X —,-3 
aA E aa- | 


= asin 42) 3sin2z = 3(0)=0 
2° 2 


95, 0- 2 Lm radians 
22 1l 
97. sin(21°53.896')sin(19°43.219') + cos(21°53.896')cos(19°43.219')cos(159°36.336'- 155°2.930') = 
(3729) (3374) + (.9278)(.9413)(.9968) = 0.9965 
99, (x,y) =(1,-3) 
Six? +y -AQy «(-3) zx 19 =4/10 
sings ees - 3 i0 eT beri mut 
ro 0. 10 y 3 3 
cos=X=—L _Vi0 See en Ti 
VIO 10 x 1 
inda uc us diga Poo oU 
x | y -3 3 
101. sing - and @ terminates in QII. 
cos@ - -/1- sin* because cos 0 is negative in QII 
EN - p n v3 
tan = ame cot@ = sec = csc 9 = —— 
cos tang cos sinO 
1/2 PE, NP TENE: 001 WB codes. 
-/3/2 3 -1/43 -V3/2 3 1/2 
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103. 


A point on the line y 2 2x in Ql is (1, 2). 
(x.y) =(1.2) 
D.2 


4/5 


ll 
= 
+ 
IN 

ll 


cosüg2—-——- sec 9 = — = — 
V5 5 1 
uoa e en TER m 
x 1 y 2 
3.3 Definition III: Circular Functions 
EVEN SOLUTIONS 
2. On the unit circle, the radian measure of a central angle and the length of arc it cuts off are exactly the same value. 
4. The circular functions are functions of real numbers, so we must always use a calculator set to radian mode when 
evaluating them. 
6. The largest possible value for the sine or cosine function is 1 and the smallest possible value is —1. 
8. From the unit circle: cos135? = X2 
: o -l 
10. From the unit circle: tan 330° = cea = h =- : = X5 
cos330* 43 B 3 
12. From the unit circle: csc 300° = : - 1 -- 2 =- 243 
sin300° _ V3. 3% V3 3 
2 
hoa SSH ee ^ 
14. From the unit circle: m =sin270° 2-1 
16. From the unit circle: PA d = R = ai = si = EE aede 
Seo cos 225° -v2 NZ 
2 
4 
2x 
cos — o Hl 
18. From the unit circle: cot zm = 3 -= pose = 1 =- l = BE 
3 an27  sinl20* 437 B 3 
2 
3 
20. Finding the six trigonometric functions of 240°: 
NE E, csc240? = — f = ] =- E 288 
2 sin240° _43 sf V3 3 
2 
cos 240° = E sec 240° = — - = =-2 
cos - WA 
— -y3 4 $- sz 
ano a 302407 2772... 13 Seite eee z -L.S 
cos 240° -L sin 240? 437 NE 
2 2 
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22. Finding the six trigonometric functions of = : 
Bie MEE ol -— --2 
6 2 6  un/7 -y 
6 
cos 7 2 3 seu LUE RE 
6 2 6 TE -43% v3 
. 70 Tm 
7n mec -L B 4g COS -43% 
tan = 2m 48 = cot = 1 
6 cos— =- 74 3 6 sin — -L 
6 
24. Finding the six trigonometric functions of 270°: 
sin270? = -1 a Ecl c. 
sin270? -1 
cos 270? 2 0 sec270? = ———— 
cos270° 0 
poy = wae Os cob. i ion ieandenned suiit. w. 
cos270° 0 sin270? -1 
26. Finding the six trigonometric functions of = : 
Ja 42 mii redis. 
4 2 4 in v2 A 
2 
cos 77 -V2 eee PELE 
4 2 4 x7 V2 A 
2 
sin : 42 cos. 42 
Tr 4... / "x 2 
i et 17r QR SO co m ee S 
4 cos 25 4 sin x 2% 
28. From the unit circle, cos@ = - when 0 = = and 0 = GE : 
30. From the unit circle, cscO =1 when sin@ =1 , which occurs when 0 = > i 
SES 3x Tn 
32. From the unit circle, cot 2-1 when 0 = — and 0 = —. 
4 4 
34. Finding the values: sin = —0.7071, cos = -0.7071 
36. Finding the values: sin = —0.9659, cos = —0.2588 
38. Finding the values: t = 0.5236, 2.6180 
40. Finding the value: t =~ 3.1416 
42. Finding the values: sin15? ~ 0.2588, cos15? =0.9659 
44. Finding the values: sin 295? =~ -0.9063, cos295° = 0.4226 
46. Finding the values: t = 90?, 270° 
48. Finding the values: t =135°, 315° 
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_ 1 
50. Since x=cos@ and y=siné, sco- ca MD, secÜ = : - -410, and cot0 = Ao. 
52. We have: csct = ! = 2.851, scopum e ~ -1.0613 ,and cot; = mii 2-238125. 
0.3350 —-0.9422 0.3350 
54. The coordinates are: (cos3.5,sin3.5) = (-0.9365,-0.3508) 
56.  cos0.8=0.7 
58. ees i t a 
sin 5.5 
60. cot22 = 9 1.935 
0.8 
62. 60.8, 2.35 
64. The argument is 6. 
66. The argument is 2. 
68. The argumentis 2x-7. 
_ . Ila 1 DENS . lia . 1 
70. The value is ir = ra . The function is sine, the argument is E , and the value is z^ . 
72. Evaluating: cos(-2.5) ~ -0.8011 
74. Evaluating: cot60 = x = 3.1246 
tan 60 
76. Evaluating: gu - 1 =1.3127 
ETE 
sin — 
2 
78. Computing the value: cos} 27r + z Ln v2 
4 4 2 
m m A 
80. Computing the value: tan| 27: + J- au os 
3 2 
2 
82. Since cos% =0, ee and tan are both undefined. 
84. This is not possible, since cscO is undefined. 
86.  Thisis possible. 
88. This is not possible, since cots is undefined. 
90. This is not possible, since -1«cosz <1. 
92. This is possible. 
94. This is not possible, since cscz «-1 or cscz21. 
96. The value of cot t is undefined at t = 0. For values of t near 0, cot t will be a large positive number. As f increases to 
> , the values of cot t will decrease to 0. 
98. The value of cos t is O at t => . As t increases to m , the values of cos t will decrease to —1. 
100. Since AOAF is similar to AACO , er = ad .Since AO=1, AC =sin@ ,and OA=1, of = A , SO 
OA AC 1 sind 
OF = Ae -cscÓ. 
sing 
102. Point C will never be outside the circle. OC will be longest when either 0 2 0 or 0 = z , when this distance is the 
radius of the circle (1). For all other locations, OC is shorter than 1. So OC = |cos 6 xl. 
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104. a. sin@ is close to 1. b. cos@ is close to 0. 


c. tan@ is becoming infinitely large. d. csc @ is close to 1. 
e. sec @ is becoming infinitely large. f. cotO is close to 0. 
106. a. Since cscÓ decreases, osc% is greater. 
b. Since sec@ increases, sect is greater. 
c. Since cot@ decreases, coU is greater. 
108. Sketching the triangle: 
B 
17 
a 
A Bc 
b 
Note that B 290? — 58? = 32? . Finding a: Finding b: 
sin58° = EA 
17 17 
a=17sin58° =14 b =17 cos58° 2 9.0 
110. Sketching the triangle: 
B 
e 
16.3 
A C 
20.8 
Using the Pythagorean Theorem: c= V(20.8)" + (16.3? = 4432.64 + 265.69 = 4698.33 ~ 264 
Finding angle A: 
tan A = oe 
20.8 
A - tan! (163... 38.1° 
20.8 
B = 90° -38.1? = 51.9? 
112. Sketching the triangle: 
B 
8.44 7.12 
A C 


b 
Using the Pythagorean Theorem: b = AG 44Y -(742 2 2 /71.2336 — 50.6944 = 4/20.5392 = 4.53 
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Finding angle A: 


sinA = uae 
8.44 
Assn! AB usse 
84 
B =90° —57.5° = 32.5? 
417,7 
T . ing 17 
114. Finding the tangent: tan@ = ——— = ————- 
cosÜü _ 


— —4 . The correct answer is a. 


116. The correct answer is b, since if cos z= 5 then secz = 2 . None of the other alternatives are possible. 


ODD SOLUTIONS 
1. cosine, sine 3. 
5. Sine, cosine, tangent, cotangent 
7. The point on the unit circle is RE 9. 
1 
sin30 = y=— 
ý 2 
11. The point on the unit circle is H z 13. 
sec120* sdb 
x -1/2 
; ER : 3 1 
15. The point on the unit circle is ree 17. 
5z 1/2 1 43 
tan = -— =- 
6 -453/2 d3 3 
: or , 31 
19. The point on the unit circle is x 21. 
sin150* = z 
2 
cos150° = E 
2 
anisy 3150 — 1/2 —— 43 
cos150° | 3/2 
cot 150 RI ICM oes 
tan150° -1/43 
sec 150° = J = l =- 25 
cos150° -43/2 3 
csc150* "e 
sinl50° 1/2 
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The point on the unit circle is (0,1) 


2 


V3 


cot90 =—=—=0 
The point on the unit circle is 1 V3 
2 2 
m 1 
cos—=x=— 
3 2 
The point on the unit circle is (2-2 
pcd. a 
4 y 21 
The point on the unit circle is Ia 
2. 2 
5a 3 
Er HEU cd 
3 2 
sa 1 
cos — = — 
3 2 
PEL NS CTI NN 
3 1/2 
5r 1 X3 
cot — = —= =-— 
3. -v3 3 
Sm l 
CÇ — = —— = 
3 1/2 
5z 1 2453 
CSC— = —=— = -—_ 
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23. The point on the unit circle is (-1,0) : 25. The point on the unit circle is ez] 


sin — = — 
sin180° 20 4 2 
cos180° =-1 PE AME 
0 2 
tan180 sco 3a 4212 m 
2 4 -J2/2 
cot180^ = = (undefined) 
0 gore! = ele --] 
4 -I 
sec 180° ie An 1 
i eae 
csc 180° = 7 (undefined) d 
3x 1 
656 — = 2 
4 2/2 
27. On the unit circle, we locate all points with a y-coordinate of ; . The angles associated with 
; X 5x 
these points are — and —. 
6 6 
29. On the unit circle, we locate all points with an x-coordinate of 254 The angles associated 
with these points are ae and B 
6 6 
31. We look for points on the unit circle where the ratio, J , equals -43. The angles associated 
x 
with these points are = and X. 
For Problems 33 to 47, see the answer section of your textbook. 
49 ( : ) = v5 NS 
5 5 
sind = y cos =x tang = 7 
x 
__2V5 AY EINE 
2 ? 4515 
51. (x,y) = (0.5403,0.8415) 
sint = y 20.8415 
cost = x = 0.5403 
tant = 22 08413. | 5575 
x 0.5403 
; 1 1 1 
55. sin2.7 2y 20.4 57.  sec4.62 ——— 2 —2 — 2-10 


59. tan 3.9 = ——— = > =——_ =] 


61. cos0 =x - -0.8 and 080 «2x 
x 2 —.08 corresponds to the points 2.5 and 3.75 along the unit circle. 
Therefore, 022.5 or 0 2 3.75. 

For Problems 63 to 75, see the answer section of your textbook. 
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T. — sin{2a+—=| =sin= 79. sin( 27+] = sin Z 
2 2. 6 6 
zii g. 
2 
81. The point on the unit circle is (1,0) 
If we look at the definitions of the six trigonometric functions, we find that for cot ft and csc t, there is a y in the 
denominator. Therefore, cot 0 and csc 0 are not defined. 
83. The point on the unit circle is (1,0) 
see = 2 = ~ which is not defined. The statement is not possible. 
x 
85. The point on the unit circle is (-1,0) 
cosz —-x--]l The statement is possible. 
87. The point on the unit circle is (0,1) 
utet ~ which is not defined. The statement is not possible. 
x 
89. -]zsinz <1 
sinz 21.2 is not possible. 
91. tanz=> as long as x #0 
x 
This is possible. 
93. secz = I - : 
x 2 
If this is true, then x 2 cost would have to be 2. This is not possible because -1 < cos: <1. 
95. When t=0, OQ is vertical so csct will not be defined. As t increases,csct decreases. At t => E 
OQ - csct =1. Over this interval, OQ decreases from a very large number to 1. 
97. When t= s ,AP=sint=1. As t increases from > to zr, sin t decreases from 1 to 0. 
99. Triangle OAE is similar to triangle AOC. Therefore, their corresponding sides are in proportion: 
AE AC 
OA OC 
We also know that OA = 1, AC = sin t, and OC = cos t. 
Therefore, AE = ee tant 
cost 
101. A point on the line y=2x is (1,2). If we solve for r, we get r= 4I 42? = V5 ; 
supe eo duisi. 
r 5 y 2 
guasto Sip se sans 
r 5 x l 
mide 2s) UNE 
x 1 y 2 
103. a. If 0 isclose to O, then AC (or sin 0) is close to O. 
b. If 0 is close to 0, then OC (or cos @ ) is close to 1. 
c. If 0 isclose to 0, then AE (or tan 0 ) is close to 0. 
d. If @ is close to 0, then OF (or csc 0 ) becomes infinitely large. 
e. If 0 isclose to 0, then OE (or sec @) is close to 1. 
f. If 0 is close to 0, then AF (or cot 0 ) becomes infinitely large. 
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105. a. sin@ increases from 0 to d , SO sin-* > sin 
2 3 6 
b. cos@ decreases from 0 to ud , SO cos > cos 
2 6 3 
c. tanÓ increases from 0 to JE , SO tan > tan 
2 3 6 
107. B=90° -42 = 48° 
sin 42° = 4 cos 42° = B 
36 3 
a 2 36sin42° b = 36 cos 42° 
=24 =27 
109. A=90° -22 = 68° 
tan 22° = A sin22' = pH 
a c 
a= oe = 790 c= a = 850 
tan 22° sin 22° 
Hl. b=ve?-a? 
- (6.21). -(4.37) 
-2419.4672 
-441 
dnd den B=90° -44.7° 
6.21 . 
-0.7037 RP 
A 244.7 
3.4 Arc Length and Area of a Sector 
EVEN SOLUTIONS 
2. Arc length is proportional to the central angle. An angle three times as large would cut off an arc three times as long. 
4. When calculating arc length or sector area, the angle must be measured in radians. 
6. Finding the arc length: s 270 2 5*3215 inches 
8. Finding the arc length: s 2 r0 21.8«*4.2 2 7.56 feet 
10. Finding the arc length: s 2 r0 2 24* 7 -8m =25.1cm 
12. Note that 120° = = radians ,so: $e r8 = 4027 = = ~8.38 mm 
14. Note that 240° = = radians , so: s r8 =16+ = = E ~ 67.0 in. 
16. Since 20 minutes = = 20 = = radians , the arc length is given by s 2 r0 - 4.5* = = 3x =~ 9.42 cm. 
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18. Using r = 4200 mi, 0- 22207 -2 radians . Set up the proportion: 
r 4200 


2 radians «x hours 


2a radians E 6 hours 


2mx =12 
pe epi hours 
2m m 
7 Az 


20. Since 20? 2 20* xn - radians , the length the pendulum swings in 1 second is s2 r0 - 4* a = m feet . In 


4x 80x 


60 seconds, the total distance traveled is 60* - Ea =~ 83.8 feet . 
22. Since 270° =270+ T - = radians , the length of the cable riding on one of the drive sheaves is: 
s=r0=6+ = = 9t ~ 28.3 feet 
24. Using s- r0 , we have: 
335 21608 
0- ZA = 2.09 radians 
160 


180° 


Converting to degrees: 0 = 2.09 e = 120° 


26. Since 0.5? -0.5* 


T = a radians , the diameter of the sun can be approximated by the arc length: 


s = r0 = 93,000,000 « n d 810,000 miles 
360 
28. Since 0 =120° = = radians : s =r =125« = a T ~ 262 feet 
3d... Side Deis e eda E eld ar Ga en 
4 4 4 
32. a. Since 09-150? = i radians: s =r0 = 82.5% - = 216 feet 
i o 4n ; 4m 
b. Since 02 240° = o radians: s- r0 - 82.5* z = 346 feet 
Us Ends ds. A n E E E = 407 feel 
180 12 12 

34. Using s=r0: 36. Using s-r0: 

4=rel 13 =re5.2 

r =4 feet r 22.5 inches 
38. Using s- r0: 40. Note that 0 2180? = x radians . Using s=ré: 

3a 
2m=re T 
— =r T 
8a =r. 3m 3 1 
r=—m 
r=—cm 3 
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42. Note that 0 = 240° = = radians . Using s=r0: 
Ane 
3 
12=re4z 
3 
r=—=0.955 km 
T 
Een . 125», l2 2 
44. Finding the sector area: A= 74 0- 56) *3237.5 cm 
T . 1.35. 1552 ey) 
46. Finding the sector area: A= "d 0- 302) °5.8=11.6 in: 
NES 1 2 1 2 zx 182 2 
48. Finding the sector area: A = —r^8- —(6) - — ——2113m 
2 2 5. 75 
50. Note that 9 = 75? =75+— = La radians . Finding the sector area: A = 1,29 = lüoy. Pm LIENS 654m 
180 12 2 2 12 6 
52. First find the radius of the circle. Given s = 12 in. and 0 = 2 radians: 
12=re2 
r=6 in. 
re f 19, _1/,,2 NDS 
Finding the area of the sector: A= 5 0- 519) *2 = 36 in. 
54. First find the radius of the circle. Given A =~ cm? and 0 = 30? =— radians 
m loan 
———pr . — 
3 2 6 
JU T 2 
—=—Fr 
3 12 
r=4 
r=2cm 
; mon 
The arc length is therefore: s =r0 =2e 6 - 3 = 1.05 cm 
56. Given A= 25 in? and 0 =3 radians : 
Beals 
2 
50-3? 
2 50 
pu 
3 
r= MAL MSN in 
3 3 
58. First note that 0 = 60? -5 radians . Treat the area being cleaned as a large sector area (with radius 10 in.) minus a 
smaller sector area (with radius 1 in.). Therefore: A = * (10)? Rud inp. TOU 2220 51.8 in? 
2 3 2 a. Ge eo 
: s . 2m x 
60. The radian measure formed by two adjacent spokes is: Te = ps 
The arc length is therefore: s — r0 = 350 (z) = — z137 mm 
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62. 


a. Finding the central angle: 
s=re0 
3525.40 
0 — 0.7 radians 


180° 


0=0.7+ =40.1° 


b. The area that was removed is given by: A= 67 -0.7 =8.75 in? 


Then the area that remains is given by: A= x(5)° -8.75 in? 2 698 in? 


64. Since 0=2= MD is the central angle, the distance x the friend must stand is given by: 
r 384,000 
6 feet _ 3,470 
x 384,000 
3,470x = 230,4000 
x = 664 feet 
The friend must stand approximately 664 feet away. 
66. The smallest apparent diameter is: 0 = ae 2rd . iu = 0.49? 
r 406,630 x 
The largest apparent diameter is: 0 = $2990. SEED =~ 0.56? 
r 356,340 m 
68. Let h represent the height of the hill. Drawing the triangle: 
2.5 mi 
h 
Therefore: 
sin5° = aie 
2.5 
h=2.5sin5° ~0.218 
The hill is approximately 0.218 miles high. 
70. Drawing the figure: 
north 
A 
west < 7 > east 
7. 
3 m 
63°50! 
v 
south 
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The components south and east are given by: 


Bs =114cos 63°50’ =114 cos(632) = 50.3 miles 


Bg -114sin63?50' 2114 sin(632 = 102 miles 


72. Leth represent the height of the tree. Drawing the figure: 
35 ft x 
Using the smaller triangle: Using the larger triangle: 
o h 
tan65* - ^ UE TEUER 
x -" 
JB (35 +x)tan 44° - h 
e = heot65° PR ; " hcot44 
A x =hcot44° -35 
Setting these two expressions equal: 
hcot65° =hcot 44° -35 
35 =hcot 44° - h cot 65° 
35 = h(cot 44° — cot 65°) 
h= = =61.5 ft 
cot 44? — cot 65? 
The tree is approximately 61.5 feet tall. 
74. Note that 0 — 40? - 40* m E a radians . Finding the sector area: A = 56 = 20) . a -95 ft”. 
The correct answer is b. 
76. Note that 8-110? 2110 7 = radians. 
180 18 
Ae. 125, 1 2 lix 2 2 : 
Finding the sector area: A= d 0- 52) . -447 ft^ «138 ft^. The correct answer is d. 
ODD SOLUTIONS 
1. radius, angle 3. sector 
5. s=r0 Formula for arc length 7. s=r0 Formula for arc length 
= 3(2) Substitute given values =1.5(1.5) Substitute given values 
=6in Simplify =2.25 ft Simplify 
9. s-r0Ü Formula for arc length 
- 12( 2 Substitute given values 
=27 ~6.28 cm Simplify and round to 3 significant digits 
Chapter 3 Page 146 


Problem Set 3.4 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


11. Remember to change 0 to radians by multiplying by m 
s-r0Ü Formula for arc length 
- al (3 Substitute given values (0 in radians) 
2x RT ves res Ps 
- zu = 2.00 mm Simplify and round to 3 significant digits 
13. Remember to change 0 to radians by multiplying by a 
s=r0 Formula for arc length 
=5 (esi Substitute given values (0 in radians) 
35x . E Tr zs 
= E e 27.5 in Simplify and round to 3 significant digits 
; ; 0 40 uiy : : 
15. First, we find 0 : Ds - A One complete rotation is 60 minutes or 2 radians 
m 
40 Í : 
0- 66 -2m Multiply both sides by 27 
2 = Simplify 
The radius is 1.2 cm. Therefore, s =r 
=1 x 
3 
=5.03 cm 
17. First, we find 0 : 2 -1 One complete rotation is 6 hours or 2 radians 
T 
2x ; ; 
0- ^6. Multiply both sides by 27 
d 7 Simplify 
Also, the radius is 200 + 4,000 or 4,200 miles. 
Therefore, s 2 r0 = 4,200 (=) =1,400z miles = 4,400 miles 
19. Remember to change 0 to radians by multiplying by um 
s-r0 
=4|20|=— 
180 
«cL wid 
9 
21. We are given that the diameter is 14 ft. Therefore, r — (4) =7 ft. 
s-r0 
=7|270|-— 
180 
= a ft 23390 ft 
2 
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23. We are given that the diameter is 320 mm. Therefore, r = 5 (320) =160 mm. 


=1.92 radians 


a =1.92( 


m =110° 


JU 


25. We convert 0.5* to radians by multiplying by DET 


s=r0 
= 240,000 los 5) 


E = mi = 2,100 mi 


27. s=r0 


=65.4 fi 


31. r = (197) =985 ft 


a. s -r0 


-98.5 Ke») 


=103 ft 
b. s -r0 


-98.5 [eo 


180 


- 361 ft 
c. s-rO 


-98.5 lesz) 
= 490 fi 


35. r=— Formula for arc length 


=— Substitute known values 


=3 in Simplify 


39. Remember to convert @ to radians: 


px Formula for arc length 


= — + Substitute known values 


-Im Simplify 
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180 
29. s-r0 
-125|(220) a 
180 
1,3757 
= t 
9 fi 
= 480 ft 
33. r= 5 Formula for arc length 
3 : 
= 6 Substitute known values 
=0.5 ft Simplify 
37. r= A Formula for arc length 
m : 
=— Substitute known values 
ni4 
=4cm Simplify 


41. Remember to convert @ to radians: 
s 


p-— Formula for arc length 
5 . 
- Substitute known values 
150|- 
180 
6 23. 
=— or 1.91 km Simplify 
T 
Page 148 


Problem Set 3.4 


43. A= Zro Formula for area of a sector 45. A= Zro Formula for area of a sector 
= Z6) (2) Substitute known values = zr (2.4) Substitute known values 
=9 cm? Simplify -192 in? Simplify 

47. A- Zro Formula for area of a sector 
= 26V (=) Substitute known values 

on 5 : ; 
Se 5.65 m Simplify 
49. A- Zro Formula for area of a sector 
= l(sy 1532 Substitute known values 
2 180 
ee z or 3.27 m? Simplify 
51. pode ft _ L2 
0 m/Arad zx 
A- 16 Formula for area of a sector 
2 
2 
= T 12 m Substitute known values 
2\ m 4 
18 T : i 
=—=5.73 ft Simplify 
m 
53. A= Zro Formula for area of a sector 
r= 2A Solve for r? 
0 
(5) 
- pU. Substitute known values 
30| Æ 
180 
Peg Simplify right side 
r=2 cm Take square root of both sides (r must be positive.) 
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55. 0 =45 = T radians 
A- 1 29 Formula for area of a sector 
r= en Solve for r? 
0 
264 
= — Substitute known values 
4 
16 ! TM : 
= X Simplify right side 
r= 4 =2.31 in Take square root of both sides. (r must be positive) 
57. A= Zro Formula for area of a sector 
1 2 T " 
- —(60) |90. — Substitute known values 
2 180 
=900z or 2,830 fi^ Simplify 
59, r- 200 = 350 mm 
2 
2 2x «X 
22 11 
s=r0 
3350 a O Geno mn 
11 11 
6l. 0 = 360° -55° = 305° 
a. s -r0 
= 4.00 (205)( 7 
180 
S um =21.3mm 
We have to add the two radii to this giving us 21.3 + 8 = 29.3 mm. 
b. A= 129 
2 
ali Ax 
2 36 
-42.6 mm? 
67. tan0 = zd 
43 
= 1.7442 75 
0 -tan'! (1 1442) 
= 60.2° 
43 
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69. tan12° 2 —— 
52 " 
x =5.2 tan12° 
=5.2(0.2126) Em 
=1.11 
tan13” = >— 
52 
y-52tanl3 
= 5.2(0.2309) 
=1.20 
The vertical dimension of the mirror is 
x+y=1.114+1.20 =2.31 ft 
71. tan 6 = ELA 
10.25 
= 3.4927 
0 = tan! (34927) 
=74.0° 10.25 10.25 
3.5 Velocities 
EVEN SOLUTIONS 
2. For a point moving with uniform circular motion, the distance traveled per unit time by the point is called linear 
velocity, and the amount of rotation per unit time is called angular velocity. 
4. The formula relating linear and angular velocity is v 2 ro , where the angular velocity must be measured in radians 
per unit time. 
; T s 10ft 
6. The linear velocity is given by: v = — = ——— - 2 ft/min 
t in 
8. The linear velocity is given by: v= 29 n = 3 cm/sec 
t 2sec 
10. The linear velocity is given by: v = m a =55 mi/hr 
t 4 hr 
12. The distance is given by: s- vt =10 i *5 sec = 50 feet 
14. The distance is given by: s=vt=55 pid hr =13.75 miles 
; s ; 1 hr : 
16. The distance is given by: s 2 vt 2 75 2415 sec e ———— - 0.3125 miles 
us 3600 sec 
18. The angular velocity is given by: w= 2 = Teui =16 radians/min 
t 3 min 
"IM 0 VA radians 
20. The angular velocity is given by: œ = — = -———— —— - 0.1 radians/sec 
t Sa sec 
22. The angular velocity is given by: w= p = AAS = 107 = 31.4 radians/hr 
t 2.4 hr 
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24. The angular velocity is given by w= as = M 22 — radians/sec . In t seconds, the angle 0 is given by 0 = 2 5 
t sec 
Therefore: 
m | 100 
cos| —t |= — 
2 l 
Ies (2 -100 
2 
l= aD. =100 so Ze] 
X 
cos| —t 
E 
Substituting values for t: 
t=05: l= 100sec T= 10042 =141 ft 
t=1.0: 12100 907. which is undefined 
t=1.5: l= 10sec 2t- -100 V2 ~ -141 ft 
The negative value for t = 1.5 indicates the light is pointed out to sea, rather than towards the wall. 
26. First find vo ro - 4*5 =20inches , Thus s — vr = 20 inches «2 sec = 40 inches . 
28. First find Vcngsm. it 2S8 n qbus soe eee M15 sec 2160z m=503m. 
3 sec 3 sec 
30. First find v ro 2 5«15- 75. 4. Thus se vt =75 4.0.5 mine — = 2,250 ft. 
n 
32. Finding the angular velocity: œ = 120 Z€% e 2yr radians = 240 r radians ~ 754 radians 
min rev mın mın 
34. Finding the angular velocity: œ = 62 ev e 2, Tadians — 207 radians ,. = 4].9 Aans radians 
3 mın rev 3 min 
36. Finding the angular velocity: œ = 8.5 JE. « 2yr radians .. 17 yr radians — 53 4 radians 
mın rev mın mın 
38. Finding the linear velocity: v = rw = 124 = 48 inches 
40. Finding the angular velocity: œ = —- V 1 I5 radians = 5 radians 
r 3 sec sec 
42. The angular velocity is œ = 208% e 2 z radians — 40 y radians | Thus the linear velocity is given by 
mın rev mın 
v 2 ro =10 +407 = 4007 Bet ~ 1,257 feet , 
min min 
44. The angular velocity is w= m * 2x radians = n . The linear velocity is given by 
Wenn sadi = qon bs 
12 3 
in l TM y 1,100 dis 
46. The linear velocity is the blade is v = 1,100 — . Since r = 10 in., œ = — = = 1,320 Maas , 
sec r vA ft sec 
6 
Now convert to rpm: œw = 1,320 radians CH. Ex Ee eno — ——— rpm = 12,605 rpm 
see 2y radians 1 min m 
48. Given 18 rpm, the angular velocity is œ =18 AR e27 radians — 36 radians . The linear velocity would be 
v 2 rà 2 6.5 fte 367 2dians = 2347 {Converting to mph: 234 UN sans. 
Tm mn min* 5280ft 1hr 
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50. First convert the linear velocity to feet per minute: 103i. 2 n . E = 880 SL 
br ]|mi 60 min "n 
m v 880-5- adians 
Thus the angular velocity is: œ 2— = min ~ 146.67 radians 
r 6 ft nu 
Now converting to rpm: 146.67 Z2dians , I. = 23.3 rpm 
mn 2a radians 
52. The angular velocity is: c) =10 8- e 2yr radians — 20 yr radians | 
min rev min 
Converting units: œ = 20 dians , Eu = Z radians 
mm 60sec 3 sc 
y 20 meters 
Therefore the radius is given by: r 2 — 2 ——35*— « 1.9] meters . 
[D T radians 
3 sec 
The diameter of the pulley should be 3.82 meters. 
54. Given 1.5 rpm, the angular velocity is œ = 1.5 £V. e 2 yr radians — 37 radians The linear velocity would be 
mın rev mın 
E E E E ES E EL O0 I, eh 
Ji me mm 5,280 ft 1 hr 
The 10 mph figure is too large. 

56. The wheel rotates at œ =1.5 aii e27 radians -3x radians , SO in t minutes it has rotated 37t radians. The radius of the 
wheel is 82.5 feet, so in t minutes the rider has moved vertically by 82.5 cos (3st) feet. Since the center of the wheel 
is at a height of 82.5 + 9 = 91.5, the height of the rider is given by the formula h = 91.5 — 82.5 cos( 3.) : 

58. In 1 hour the bicycle travels 16,000 m, so the linear velocity is v = 16,000 2 . Thus the angular velocity is 

v 16,0002 adians . 
(9-2 —2————M zu 53,333 radians . Converting to rpm: 
r 03m j 
"P 53,333mdams,. ITeV _ " 8,488 ex. LPE ~ 141 rpm 
T — 2z radians 60 min 
60. Using m 26,05 290 rpm,n, 254 : œ = 22.0, = £ (o0 rpm)=10 rpm 
m 
62. Since v =v: Since v3 = v4: 
T3099 cs HON 73003 = T4004 
M = ng (035 = 4 o4 
n 73 
@) = Ig, w3 = 4 o, 
ny na 
Since @ = @3: 
BLU 
na ny 
Q4 = TU 01 
njn4 
Chapter 3 Page 153 Problem Set 3.5 


O 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


64. First find the angular velocity of the chainring: œ = 80-22 24 = | 60 5; 24 
min rev mın 
The linear velocity of the chain is given by: v=ra= (105 mm). (1602 zd) 216,800; 2m 
min min 
. . y 16,8005 mm f 
The angular velocity of the rear sprocket is: œ = — = ————— = 8407 a. 
r 20 mm ED 
The linear velocity of the rear tire is: v= rc = (350 mm)» (840r 2) = 294,000 7r mm 
min min 
Converting to kilometers per hour: v = 294,000; 2. oO auh . km 2554 n 
mn 1hr 1,000,000 mm MAE 
66. First find the angular velocity of the chainring: w = 05 JV. e 2;; 24 = 1907 24 
min rev min 
The linear velocity of the chain is given by: v 2 ro =(75 mm) «(190 28) = 14,2507 mm 
min min 
The linear velocity of the rear tire is: 24 k™. 1O00 200s l hout = 400,000 2 
hour 1 km 60 min us 
: SU y 400,000 mm l 
The angular velocity of the rear tire is: œ =— = —————™" ~ 1,142.86 22d. 
r 350 mm vn 
Now let R represent the radius of the sprocket. Since v = ro: 
14,250z = R*1,142.86 
14,2507 m 
2 = 39.17 mm 
1,142.86 24 
min 
The diameter of the sprocket would need to be 78.3 mm. 
68. — The linear velocity of the rear tire is: 40 Km. LOOO DOO TONY, TOU -eigo 7 di 
Our 1 km 60 min mun 
: € vy 666,666.7 1m Í 
Thus the angular velocity of the rear tire is: œ =— = min ~ 1,904.76 rad. 
r 350 mm ane 
The linear velocity of the chain is: v = rœ = (20 mm) D (1,904.76 zd) = 38,095 24 mm 
min min 
; ty ole Save y 38,095.24 mm ; 
The angular velocity of the chainring is: œ = — = min ~ 365 g | rad. 
r 105 mm nun 
Converting to rpm: w = 362.8124. EL = 57.7 rpm 
min 27 rad 
70. The magnitudes are given by: 
horizontal: x = 68 cos 37° = 543 vertical: y = 68sin37? = 40.9 
72. Drawing the figure: 
north 
A 
west 
Li 
south 
The south and west directions are given by: 
y = 85.5 cos 57 .3° = 462 mi south x = 85.5sin57.3? = 71.9 mi west 
Chapter 3 Page 154 Problem Set 3.5 


O 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


74. The linear velocity is given by: v= e = = 3 m/sec . The correct answer is b. 
t sec 


76. The angular velocity is œ = 30 xe *2x radians = 607 radians . Thus the linear velocity is given by 


v=ro=6°607 = 360m ST . The correct answer is d. 


ODD SOLUTIONS 
1. uniform circular 3. proportional, twice 
Be paž Formula for linear velocity Te ee Formula for linear velocity 
t t 
3 . 12 , 
= 5 Substitute known values = a Substitute known values 
=1.5 ft/min Simplify =3 cm/sec Simplify 
| ES Formula for linear velocity 1l. s-wt Formula for linear velocity 
t 
30 ; : 
= Es Substitute known values =20 (4) Substitute known values 
=15 mi/hr Simplify = 80 ft Simplify 
13. s=vt Formula for linear velocity 15. The time must be in hours 
= 45 2 Substitute known values t= 20 - L hr 
2 60 3 
-225 mi Simplify S=vt 
=21 B =7 mi 
3 
0 : 
17. w=— Formula for angular velocity 
t 
= = Substitute known values 
=4 rad/min 
19. w= d Formula for angular velocity 
t 
8x : 
=— Substitute known values 
3x 
8 tos 
- F rad/sec Simplify 
=2.67 rad/sec Rounded to 3 significant digits 
21. œ= 2 Formula for angular velocity 
t 
= T Substitute known values 


=37.5a -118 rad/hr 
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23. We know that tan0 = 2: 
100 
Therefore, d=100tané@ . 
Next, we must find 0. We know that w = g . Therefore, 0 2 cx. We also know that 
t 
uuu S ea 
4 seconds 
We have 0= 5t. 
Substituting 0,we get: d 2100tan8 
-100 tan E ; 
2 

1 x/l 
When t=—, then d =100 tan| 2| — 

2 242 

-100 un - 100(1) - 100 feet 

When jest ,then d =100 tan A 2) 

2 Dind 

=100 tan = 100(-1) = -100 feet 
m m 
When t =1, then d -100 tan 20) 2100 tan 
d is undefined because tan is undefined 

When ¢=1,0= 2 and the light rays are parallel to the wall. 

25. First, we find 0 using the formula for angular velocity. Then we apply the formula for arc length. 

0 =at Formula for angular velocity 
-4(5) Substitute known values 
= 20 rad Simplify 

s-r0Ü Formula for arc length 
= 2(20) Substitute values 
- 40 in Simplify 

27. First, we find 0 , using the formula for angular velocity. Then we apply the formula for arc length. 

0 =at Formula for angular velocity s=r0 Formula for arc length 
= 256 3d) Substitute known values =4 (457) Substitute known values 
-245x Simplify = 1802 Simplify 

=565m (3 significant digits) 
29. Time must be in seconds: t =2(60)=120 seconds. 

0 =at Formula for angular velocity s=r0 Formula for arc length 
= 10(120) Substitute known values = 6(1,200) Substitute known values 
=1,200 rad | Simplify = 7,200 ft Simplify 
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In problems 31 through 35, we convert revolutions per minute to radians per minute by multiplying by 27. 


31. — o-10(2x) 33. w= 33-(22) 35. o-58(2x) 
- 20 rad | min : = rad | min = 11.6 rad / min 
= 62.8 rad / min = 209 rad / min = 364 rad / min 
Use the relationship between angular velocity and linear velocity, v 2 ro , for problems 37 — 41. 
3. | v-ro 39. w=— 4l. v -ro 
r 
-2(5) == = 4[10(2)] 
6 
=10in/sec =0.5 rad / sec = 802 ft/min 
=251 ft/min 
43. Angular velocity, œ , is m revolutions per hour. To convert this to radians per hour, we 
multiply by 27. 
1 
o=—(20 
24 e 
m 
EDI rad | hr 20.262 rad | hr 
45. We are given that the radius is 3 inches and the angular velocity is 600 rev/min. 
First, we will convert the angular velocity to rad/min: 
w = 600 - 2x 212007: rad/min 
Then we find the linear velocity: 
Vv=ro 
= 3(1200s) = 3,600.2 in/min 
We want the answer in feet, so we have to divide by 12: 
36002 
y= 
12 
= 3007 ft/min =942 ft / min 
47. Angular velocity, œw ,is 19 revolutions per minute. We want to convert œ to radians per hour: 
rev rad 60 min 
w =19 —:2z —: 
min rev lhr 


= 2280: rad/hr 
Next we want to find the radius and convert it to miles: 


r- l4 ft) „imi 
2 5,280 ft 
=—— mi 
5,280 
Now we are ready to compute the linear velocity: 
v=ro 
-—1 mi-2,2800 4 
5,280 hr 
= 1337 mi 9 50 mi / hr 
44 hr 
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49. 


Linear velocity is 12 miles per hour. We want to find angular velocity in revolutions per minute: 
In problem 47, we found the radius and converted it to miles: 
r= —— mi 
5280 
Next, we find the angular velocity in radians per hour: 
v 


w = — 
r 


_12mi/hr 
Goa] 


—— mi 
5.280 
_ 63,360 rad 


7 hr 
Now we convert @ to revolutions per minute: 
" 63,360 rad . lhr . lrev 


7 hr 60min 2x rad 
- 240 rpm 


51. Angular velocity, œ , is 9 revolutions per minute. We want to convert w to radians per second: 
rev 2mrad 1min 
w=9 : : 
min Irev 60sec 
sor a 
10 sec 
Next, we want to find the radius in feet: 
r- S02 A)=6f 
Now we can compute the linear velocity, in feet per second: 
v=ro 
3x \rad 
=6 f| — |—— 
f ( 10 | sec 
SUE 
5 sec 
— 5.65 ft/sec 
53. Angular velocity, w, is E revolutions per minute. To convert to radians per minute, we multiply by 
2. 
o» (2x) 
15 
2x 4 i 
E radians per minute 
v=ro Relationship between angular and linear velocities 
= z zm Substitute known values 
2 AI1S5 
EDT unn 
To convert to miles, we divide by 5,280 ft and to convert to hours, we multiply by 60 min. 
I9, L 280 2047 nit 
15 5,280 1 
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55. The radius is 98.5 and the distance to the ground in 12.0 feet. 


Based on our work in Example 6 (b): h = (98.5 +12.0)-98.5cos@ and 0 = = or 


h= 1105-98 Seos{ 221] 
15 


57. y-2— Formula for linear velocity 
t 
= iom Substitute known values 
lhr 
=16 km per hour Simplify 
=16,000 meters / hour Change to meters per hour by multiplying by 1,000 
gc Relationship between angular velocity and linear velocity 
r 
- — Substitute known values and change radius to meters 
3m 
= 53,300 radians / hour Simplify 
59. o2 Z, n =42, and n,-7 
sec 
w, =a, 
n, 
42 
=— (2) =12 rps 
; (2)=121p 
n 
61. 0,-2—0, and w,=—a, 
Tt, 2 
Substituting œ, into the first equation, we get: w, = Sh, 
n; \ 
ni 
w, - —0, 
n; 
63. The angular velocity, w,, of the chain ring is 90 revolutions per minute. We want to convert 
this to radians per hour: 
ij «0 d „2x rad 60 min 
min rev lhr 
- 10,800 44 
hr 
Next, we want the radii in kilometers: 
radius of the chain ring: 7, = 1 (150 mm): —— lh" _ 9.900075 km 
2 1,000,000 mm 
: 1 1 km 
radius of the sprocket: r, = —(95 mm): — ——————— = 0.0000475 km 
2 1,000,000 mm 
: 1 1 km 
radius of the wheel: r, = —(700 mm): — —— — —— - 0.000350 km 
2 1,000,000 mm 


We know that rœ, ^ 7,0, because the linear velocity of the chain ring equals the linear velocity 
of the sprocket. 
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Substituting the given values, we can solve for a, : 
0.000075 (10,8002) =0.0000475a, 


0.000075 (10,8007) 


0.0000475 
w, =53,572.42209 


2 


We know that the angular velocity of the sprocket, w, , is equal to the angular velocity of the 


wheel, œw. Now we can find the linear velocity of the wheel, v, : 


y, = 7,0, 
= 0.000350 (53,572.42209) = 18.8 km/hr 
65. We use the same notation and formulas that we did in problem 63 
n = $(210 mm) =105 mm 
di, = 85 Te .2z rad 60min _ 10,2005 224 
min lrev lhr hr 
r =350 mm 
y, =45 km 1,000,000 mm = 45,000,000 2” 
hr 1 km hr 
We can find w, = œ, 
E 2e E sy anne Od 
r, 350 hr 
Now we can find r, : 
na, — fO, 
pait 
0» 


» 105 (10,2002) 
128571.4286 
= 26.17 mm 


The diameter is 2(26.17 mm) = 52.3 mm 


. In this problem: 


67. We will use the same notation and formulas used in problems 63 and 65. 


We are given: n -75mm 
r, 40 mm 
r, 2350 mm 
y, 29 9 
hr 


We must convert v, to millimeters per minute: 
0 km 1,000,000 mm 1hr _ 1,000,000 mm 


2 = 
hr 1 km 60min 3 min 


Next we will find œ, which is equal to c, : 


1,000,000 
UA 3 20,000 rad 
Q,-70,72—- = : 
T, 350 2] min 
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Now we can solve for o, : 


no, — 10, 
= 1,0, 
EE 
40 Gens | j 
AB) 5079365 E 
75 min 
; rev 
We must convert the angular velocity, œ, ,to ——: 
min 
rad | lrev 
507.9365 —— : — —— = 80.8 rpm 


min 2a rad 


72... |V|- 475° «45? =87.5 


73. 0290 +48.7 2138.7 and |V| -2(285.5) - 571 


\V,|=|V| cose |V,|=|V| sine 
= 571c0s138.7° = 571 sin138.7° 
=-429 =377 


The ship has sailed 429 miles west and 377 miles north. 
Chapter 3 Test 


1. The reference angle for 235° is 235° — 180° =55°: 2. The reference angle for —225? is —225? + 270° = 45°: 
y y 


A A 
< cml ABs » x < » y 
-225° ^ 
Y Y 
3. Calculating the value: cot 320° = : z —1.1918 
tan 320° 
4. Calculating the value: csc(-267.3?)- ere 21.0011 
sin(-267.3?) 
5. Calculating the value: sec140?20' = sec [140 > = —— = —].2991 
cos [140 : 
3 


6. The reference angle is given by ó- sin"! (0.4444) = 26.4? . Since 0 terminates in quadrant II, 
0 2180? -26.4? 2153.6? . 


7. Since cot 2 0.9659 , tan0 = l . The reference angle is given by 6 = tan”! l 
0.9659 0.9 


= 46.0? . Since @ 
659 


terminates in quadrant III, 0 =180° + 46.0? =226.0°. 
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The reference angle for 135? is 45°. Since 135° terminates in quadrant II, its cosine will be negative. Therefore: 


cos135? = -cos45? = ae 


9. The reference angle for 330° is 30°. Since 330° terminates in quadrant IV, its tangent will be negative. Therefore: 
+ an? 1 
i980 G30 LM A saaa 
cos 30° 437 X3. 3 
: ; 5 10x . 
10. Converting to radian measure: 200° = 200* ET = Eon radians 
1. C TE IU 34058 
m 
; 4x T 1 
12. Computing the value: cos| -—— |- -cos— =-— 
3 3 2 
13. Computing the value: cao = l =- - =- =- : _2N3 
cos— . cos— 437 v3 3 
6 
14. Since t is the radian measure: sint = y = ens = EE , COSt=xX= a = ely , tant = 2z 3 
J3 13 13 13 
15. The argument is 4x. 
16. Using a calculator: cos45 = 0.5253 
17. Since -1<sinz <1, the statement is not possible. 
18. Substituting x= Z. 2cos|3. Z-Z ]=2cos amoi =2cos% = 2.02 -42 
4 4 2 4 2 4 2 
19. Note that 60° = + radians , so: s=r@ =6« - - 27 = 6.28 feet 
20. Using s-r0: 
m 
m-re— 
5 
5m-rx 
r-5cm 
21. Finding the sector area: A = Zro E say (2.4) = 10.8 cm? 
22. In 2 minutes, the string has twirled 0 = (0.5 zm. (2 min) =1 rev = 2 radians . 
Thus the plane has traveled: s — r0 =(5 feet)+(2m radians) = 10z ~ 31 A feet 
23. Using s- r0 to find the central angle: 
8=re4 
r=2 in. 
DE O E SE AD T er 
Now finding the sector area: A = 2 0- 25 (4) 2 8 in. 
24. Since v=ra, y25«4-20n- . Thus s =vt = 20¢6=120 inches. 
25. The angular velocity is given by: w= a E = 1 radians 
r ç l0cm 2 œ 
26. First find @ =40 I8% «277 12dians — 80yr radians , Thus: y =r% =2 fte 805; dans — 160m feet 
27. For the smaller pulley: œ = Lm 24 emibee _ = 4 ladians 
r 6cm Set 
For the larger pulley: œ = LER DECI 2 = 3 radians 
r 8 cm See 
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28. First find œ = 900€% «277 radians — 1 800x radians | Thus the linear velocity is given by: 
min rev min 


v=ro =3.5 ft. 1,8005 12dians = 6 300m St 219.792 ft 219.800 ft 
min min min min 


29; "Thedinedr vioc gcn. 2600 OME = Ogg i 
hor mi 60 min mm 
f ! 
Finding the angular velocity: w= Dl min, 138 29 radians 
r 7f nm 


Converting to rpm: œw 2138.29 cians. ee = 22.0 rpm 


di 
mmn 27 radians 


30. First find the angular velocity of the chainring: œ = 75 V «25; ™4 — | 50; rad 
min rev min 


The linear velocity of the chain is given by: v=ra= (105 mm). (150 sad.) = 15,7505: 7 


, . v 15,7505 mm . 
The angular velocity of the rear sprocket is: œ = < =—-———™™®. = 6307 24 
r 25 mm D 


The linear velocity of the rear tire is: v= rc = (350 mm) (6305 2:4.) = 220,5007 mm 


60 min 1 km " km 


Converting to kilometers per hour: v = 220,5007 22. =416 
min 1hr 1,000,000 mm hour 


Cumulative Test Chapters 1-3 


1. Ify =3, then x=2y=2+3=6 and h = yv3 = 343 . Since triangle ACD is isosceles, s = 343. 
Finally r = sJ2 2 343-42 2 346 . 


2. The exterior angle has a measure of 


0 =60° , so the interior angle has a measure of 180? -60° =120° . 


3. Using the distance formula: d = /(a 20) +(b -oy -Ja? +b? 
4. The coterminal angles are 150° +360°k , for any integer k. 
5. If sin0 <0 and cos@>0, 0 must lie in quadrant IV. 
6.  Firstfind r: r= 4C + (8)° = 736+ 64 = J100 =10 . Using Definition I for the trigonometric functions: 
nosles s depot. 10 23 
10 5 y 8 4 
ue ee INE woe ee 
r 10 5 x -6 3 
Bdgcé oe oo ieee ee ee 
6 3 y 8 4 


7. If tan = = and 0 terminates in quadrant III, x «0 and y < 0, so choose y = -12 and x = —5. Finding 


r using x? +y" =r’: 


(-5)° +(-12)? =r? 
254144 =r" 


r? 2169 
r 213 
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Using x = -5,y = -12, and r = 13 in the definitions: 


uncut dopo cotà - 2. —— 
r 13 y 12 x 12 
dba ae P NM 
r | 13 x 5$ 
: F ree 1 1 1 
8. Using the reciprocal identity: cosü = —— = — =-— 
secO -4 4 


9. Multiplying: (sin@ + 3)(sin@ -7) = sin? 0 + 3sin@ —7sin@ - 21- sin? 9 - 4sin0 - 21 


10. Working from the left side: sin (csc + cot@) =sin0 aT t eps? =sin e Iron -1-4cos0 
sinÜ  sin0 sinO 
11. Using the Pythagorean Theorem, first find c: 
52412? - c? 
254144 - c? 
c? -169 
c -13 
Using a = 5, b = 12, and c = 13, find the three trigonometric functions of A: 
dildo PUN, UTE LE 
c 13 c 13 b 12 
Now use the Cofunction Theorem to find the three trigonometric functions of B: 
T E Sos Bib usca nt^ 
13 1 a 5 
12. Using the Cofunction Theorem, csc 63° = sec (90° — 63°) = sec 27? 
13. Subtracting the angles: 25°15'-15°32' = 24?75' - 15?32' = 9°43’ 
14. Finding the angle 0: 0= tan! (0.1608) z 9.1? 
15. a. two b. two c. four 
16. Begin by drawing AABC and label missing information: 
B 
C 
a 
A xi^ 
270 
Note that A 290? —48? = 42? . Therefore: 
sin48° = 22 tan 4g° = 270 
c a 
csin 48° = 270 atan 48° = 270 
c= an = 360 a= zm = 240 
sin 48? tan 48? 
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17. Construct the figure: 


24 mi 


west < > east 


Y 
south 
To find his distance from the starting point, use the Pythagorean Theorem: 
d? 235? «24? =1801 
d 2418012424 mi 
Now find angle s: 
24 


tan s = — 
35 


s=tan! E 2344? 
35 


His bearing is N 76.4? E. 
18. Construct the figure: 


86.0 ft 


X 


First consider the triangle: Now consider the triangle: 
91.6 ft 
86.0 ft " 
86-h 
" 
x 
Therefore: Therefore: 
tan43.2° = 559 tan14.5° = eet 
x 91.6 
xtan43.2? = 86.0 86 -h 2 91.6tan14.5? 
Sie 86.0 ~O16 ft h=86-91.6tan14.5° = 62.3 ft 
tan 43.2? 
The building next door is approximately 62.3 feet tall. 
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19. Computing the magnitudes of V, and Vy: 
| V, |= 5.00530? = 4.3 | V,, | =5.0sin 30° = 2.5 


20. The corresponding force diagram would be: 


: W = 80.5 Ib 
Therefore: 
cos 28.5° = 802 
|T] . |H] 
tan28.5° = —- 
| T|cos28.5° = 80.5 80.5 
H| = 80.5 tan 28.5° ~ 43.7 Ib 
T|- —5 Lorem ii 
cos 28.5? 
21. The reference angle for 117.8? is 180? —117.8* 2 62.2? : 
à 
117.8? 
62.2? 
- d »x 


Y 
22.  Thereference angle is given by ó- cos! (0.4772) = 61.5? . Since 0 terminates in quadrant IV, 
0 = 360° -61.5° 2 208.5? . 


23. Converting to radian measure: —390? = -390* T 


= ee radians 
6 


24. Since “= terminates in quadrant IV, its sine will be negative. The reference angle is 27 - “= = + , therefore: 


25. From the unit circle, cos@ = a when 0 = = and 0 = IE : 


26.  Astincreases from + to zt , the tangent values (which are negative) are increasing towards 0. 
27. Finding the arc length: s 2 r0 -12* 5 -2m7m2628m 


28. Note that 0 = 60° = 60. — 
180 


== radians. Finding the sector area: A = Zro 2—(4). 23 - =a in. 


Chapter 3 Page 166 Cumulative Test Chapters 1-3 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


29. In 20 seconds, the point has traveled 6 = e: sim). (20 sec)=15% radians . 


sec 

Thus the distance moved is: s =r0 =(8 feet) «(15m radians) - 1207: feet 

30. First find c) = 2,941 € «277 radians = 5 8877 radians | Thus the linear velocity is given by: 
min rev mın 
v=rw =1.5 in* 5,8827 dans = 882377 in. 
mın mın 
Converting to miles per hour: 
1 


. EE . 
v 2 8,823 it «60 a nae mi ~ 26.2 mph 
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Chapter 4 
Graphing and Inverse Functions 


4.1 Basic Graphs 


EVEN SOLUTIONS 

2. For a periodic function f, the period p is the smallest positive number for which f(x- p)- f(x) for all x in the 
domain of f. 

4. If c is a domain value for a function f and f(c) =0 , then x = c is called a zero of the function. If c is a real number, 
then x = c will appear as an x-intercept for the graph of f. 

6. The graph of an even function is symmetric about the y-axis and the graph of an odd function is symmetric about the 
origin. 

8. The tangent, cotangent, secant, and cosecant functions all have asymptotes. 


10. The tangent and cotangent functions have a period of z . 
12. The cosine and secant functions are even. 
14. Making a table of values: 


s| © AY = MYY mn 


y=cotx | undefined 1 0 -] undefined 1 0 -] undefined 


Sketching the graph: 


y=colx 
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16. Making a table of values: 


Do Wo A Y 3% Y mm 


y=sinx 


Sketching the graph: 


18. Making a table of values: 


Aa a naa D 


0 PA 1 550 0 a =f ED eco 0 


20 


y=secx | 1 V2 =14 undefined -J/2=-14 -1 -J2=-14 undefined 42414 
Sketching the graph: 


y=secx 


x=37/2 


20. Sketching y=cotx from x=-4z to 
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22. Sketching y=sinx from x--4z to x-4z: 


y=sinx 


Y 
24. Sketching y=secx from x--4z to x-4z: 
à y=sec x 
aM i i i i 
i i i i i i 
aeea iaai 
Arni la) L| jal la 
i i i i i i 
| [ I rl+ | [ | | 
i5 d i i i 
Y 
26. cosx=0 when x is any odd multiple of + .So cosx=0 when x= Il : 
28. cosx=1 when x is any multiple of 27 . So cosx - 1 when x20,2z . 
30.  cotx-O0 whenever cosx =0 , which occurs when x is any odd multiple of > .So cotx=0 when x= d : 
32. cscx=1 whenever sinx =1, which occurs when x is + plus any multiple of 2% . So cscx=1 when x -5 ; 
34. The function cotx is undefined when sinx =0 , which occurs when x 20,z,2z . 
36. The function secx is undefined when cosx 20 , which occurs when x= Il , 
mre . o v2 
38. Since cosine is an even function: cos(-135 ) =cos135° = A 
40.  Sincecosine is an even function: es[-22 - cos = = : 
42. Since sine is an odd function: sin(-120°) - -sin120? = S 
44. Since sine is an odd function: sin Lim = mu =- zt - 1 
6 6 2) 2 
46. Since cosine is an even function: cos(-0) = cos0 = E 
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48. Drawing the figure: 


(—x.y) (x,y) 


, 
Since cos(180*-0) 2 -x while cos@ =x , cos(180°-0) - —cos0 . 
cos(-0) z cos@ — cos8 = 


= —cotO 
sin(-0)  —sinO sing 


50.  Sincesine is an odd function and cosine is an even function: cot(-0) = 


Thus cotangent is an odd function. 
sinO 


52. Working from the left side: cos(-0)tan0 = cos0* B =sin0 
cos 
54. Working from the left side: cos(-0)csc(-0)tan(-0) = cos0 + — : D sino) - cosÜ. J . ang =! 
sin(-0) cos(-0) -sinO cos@ 
2 mU) 

56. Working from the left side: sec@ - cos(-0) = — cos. eos? = 15:60859 Emm 9 

cos cos cos 0 cos0 
58. The value of A effects the amplitude of the curve: 

X 

60. The value of A effects the amplitude of the curve: 
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62. The negative sign reflects the curve across the x-axis: 


4 y=4cos x 


aaa s y=—4 cosx 


64. The value of B effects how many cycles are completed in the given interval. The period is one-fourth as long: 
y 


Bzl 
66. The value of B effects how many cycles are completed in the given interval. The period is tripled. 


B=1 


> X 
4a 
-1 2 
; ! sin cos@ sin? 0+cos? 0 1 
68. Working from the left side: sin@ tan 0 + cos@ =sin@« +cosĝ e = = =sec0 
cos cos 0 cos cos 


70. Working from the left side: 


(sin8 -cos8)^ = (sin@ + cos@)(sin@ + cos8) = sin? 0 4 sin@ cos@ + sinQ cos +cos? 0 - 14 2sin0 cos 


72. Converting to degrees: en radians = 2 . 180 =135° 
m 

74. Converting to degrees: = radians = = . AA = 270° 
m 


; ; m 3x ? 
76. The values of secx are undefined when cosx 20 , which occur when x =—,— . The correct answer is c. 


78. Since cosine is an even function, cos (-0) =cos@ . Since cosecant and tangent are odd functions, csc(-6) --cscÓ 


and tan(-0) =-tan@ . The correct answer is a. 
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ODD SOLUTIONS 


1. y- coordinate, arc length 3. difference, greatest, least 
5. equal, opposite 7. sine and cosine 
9, secant and cosecant 11. sine, cosine, secant, and cosecant 
For problems 13 through 23, see textbook answer section for graphs. 
25. Refer to the graph in problem 16. Find the x-values corresponding to y=0. You will notice 
that x 20, x= and x=2z. 
27. Refer to the graphs in problem 16. Find the x-values corresponding to y= 1. You will notice 
that x- C, 
2 
29. Refer to the graphs in problem 17. Find the x-values corresponding to y 2 0. You will notice 
that x20, x2 ,and x22z. 
31. Refer to the graphs in problem 18. Find the x-values corresponding to y= 1. You will notice 
that x =O and x 22. 
33. Refer to the graphs in problem 17. Find the x-values where there is a vertical asymptote and 


the y-value is undefined. You will that x => and x= = . 


35. Refer to the graphs in problem 15. Find the x-values where there is a vertical asymptote and 
the y-value is undefined. You will that x 20, x2: ,and x-22z. 


37. cos(-60") = cos 60° 


41. sin(-30°) = -sin 30° 


45. sin(-0) =-sin0 


49. tan(-0) = 


Therefore, the tangent is an odd function. 
51. sin(-6)cot(-0) =(-sin@)(-cot@) 
=sinOcoté 


53. sin(-0)sec(-0)cot(-0) = : =1 
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55. csc +sin(-0) = c +(-sin@) Sine is an odd function 


sind 
+2 
= EON Sm 2 LCD is sin8 
sinô  sin0 
cos’ 0 
-——— Pythagorean identity 
sind 
67. cos0 tan6 = cos0 - 222 g Ratio identity 
cos 
= Zoey Multiplication of fractions 
cos 
=sin Division of common factor 
69. (1+sin@)(1-sin@) 2 1-sin^ 8 Multiplication 
-cos! 0 Pythagorean identity 
71. 2n 2m (180) 59. 73, 11 _ lla (180) 6. 
3 3 T 6 6 m 
4.2 Amplitude, Reflection, and Period 
EVEN SOLUTIONS 
2. If A is negative, then the graph of y= Asinx will be reflected about the x-axis. 


If 0 <B < l,then the period of y= sin Bx will be greater than 27 , and if B > 1 the period will be less than 27 . 


6. To graph y= cos(- Bx) , first write the function as y 2 cos Bx because cosine is an even function. 


x [0% x 9v 2m 


ee ue 
2 2 2 


8. Making a table of values: 


Sketching the graph: 


The amplitude is jsd Be S aec 
22 2 


10. The amplitude is 0.5. 12. The amplitude is > : 
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14. The amplitude is 6: 16. The amplitude is I 
y 
n 
6 
3-- 
»- Xx y 
20 
23. 
-6-1- 
18. The amplitude is 4 and the curve is reflected across the x-axis: 
y 
n a any 
rae y=— sinx 
x 
20. Making a table of values: 
ti uf m/ Mf SH Taf 4nf 3n/ Saf llr 
v 955 a a 9 49. 8 190. 503-522 004. CUR 
y-sin3x | 0 1 0 -1 0 1 0 -i 0 1 0 -1 0 
Sketching the graph: 
y 
X 
The graph goes through 3 complete cycles between 0 and 27 . 
B» epi, dai "Lhepenodis 5m. 
: Z 
3 
26. The period is z =4. 
z 
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28. The period is = -47 . Sketching the graph: 30. The period is a . Sketching the graph: 
y 3 
y M 
1 
y = cos 3x 
> X < - > X 
2z/3 
-1 
ernas, DIE : voa dA ] 
32. The period is — 2 2 . Sketching the graph: 34. The period is P 4 . Sketching the graph: 
a 7 
y 
y 
> X 
X 
36. The amplitude is 3 and the period is z . 
38. The amplitude is 2 and the period is 2% . 
40. The amplitude is 3 and the period is mE cm - 2m leg 
4 4 4 4 
42. The amplitude is à and the period is zu z2, 
2 4 2 
; ; o 4. 20 
44. The amplitude is 5 and the period is rd 10. 
75 
: : PITE X ; : soi: 20 
46.  Theamplitude is 2 and the period is a = z ; 48. The amplitude is 2 and the period is TAR 6z: 
Z 
y 
2 
y 
y=2 sin 4x 
2 y=2sinix 
hs > X 
- X 
-2 2 
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50. The amplitude is ; and the period is = E 52. The amplitude is 2 and the period is zm 24: 


% 


y=sin 3x 


X 


2n/3 


2 3 


yz2-2sinZx 


54. The amplitude is 2 and the period is zm =2: 
m 


-g-L 


Y 


56. The amplitude is 3 and the period is = = . Note the reflection across the x-axis: 


y ; 
A y=-3 sin 2x 
+ 3 


20 — 


Z 


58.  Theamplitude is 3 and the period is 4a . Sketching the graph: 
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60. 


Note this graph is the same as y 2 —2cos3x , since cosine is an even function. The amplitude is 2 and the period is 


2 


T : : 
zi . Also note the reflection across the x-axis: 


x 
A y = -2 cos (-3x) 


-2 
Y 
62. The maximum velocity is the amplitude, which is 2.5 meters . The time it takes to move from lowest to highest position 
is È of the period, which is i =0.25 second . 
2 2\4a 
64. a. Graphing the function: 
H 0 = 20 cos (3t) 
Y 
b. The maximum angular displacement is 20°, the amplitude of the curve. 
c. The pendulum completes one oscillation in = = = second . 
m 
66. Sketching the graph: 
y 
! y = 0.02 sin (880z?) 
0.02+- 
0.01 
= 
-0.01 + E 
-0.02 + 
Y 
68. Since the period is = JE. , the frequency is 250 Hz. 
5007x 250 
70. The graph is shifted ; unit upward or downward: 72. The graph is shifted 1 unit upward or downward: 
y 
A 
2-- y=1+cosx 
y=1/2+cosx i 
y=cos x - y=cos x 
sA / ^7 Y=-1/2 + cos x i 
IBN / 7 -X > x 
21 N /, 7 Ji 27 
A a -L X ‘ 
Soe ` /y=-l + cos X 
2+ 
Y 
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74. The graph is shifted a units left or right: 76. The graph is shifted z units left or right: 
y = cos (x + 27/3) yz eos (x - 71/3) y = cos (x + 71/6) y = cos (x — 71/6) 
y=cos Xx EN N l 4 "d y-cosx 
Ly \ i 
' 1 
E 1 
M ! 
\ D 
EM LI» x E pt» x 
-27 2a -27 2x 
A 
v LLL -14 
Y Y 
78. Evaluating when y- T sn z =sin| -2 |= z2 
6 3 2 
: X T T 2x 1 
80. Evaluating when x 2 —: cos| —+— |=cos— =- 
2 2 6 3 
82. Evaluating when x 2 — and y= Z. GOR ee MET LB 
6 2 6 3 
84. Evaluating when x = 7. and y= T, cos - cos T =0- v3 PEE 
2 6 2 6 2 2 
86. Converting to radians: 70? = 70°« E rm radians 
180° 18 
88. Converting to radians: 330° = 330° e dU IDE radians 
1800 6 
soa: AME ; 
90. The period is Es = gt . The correct answer is d. 
92. The period is = =1. Since this is an inverted cosine curve, its lowest position occurs when t = 0 and its highest 
T 
position occurs when t = ; . So the time is ; second. The correct answer is b. 
ODD SOLUTIONS 
2x : 
1. Al. [-14] [4] 3. — 5. — -sinBx, odd 
B 
7. 
x 0 z/2 T 3m /2 2x 
y=2sinx 0 2 0 -2 0 
The amplitude of this curve is 2. 
For Problems 9 and 11, see answer section of textbook. 
13. 
x 0 w/2 T 3m /2 2x 
y=6sinx 0 6 0 -6 0 
The amplitude of this curve is 6. 
15. 
x 0 z/2 T 3a /2 2x 
1 "P 1 1 1 
g 2 0 2 0 2 
The amplitude of this curve is T 
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17. 


x 0 z/2 T 3m /2 2x 
y= -3cosx -3 0 3 0 -3 
The amplitude of this curve is 3. 
19. 
x 0 mi4 | x/2 | 3x/4 m 5z/4 | 30/2 | 7n/4 | 2x 
y-sin2x 0 1 0 -1 0 1 0 -1 0 
There are two complete cycles of the graph. 
21. y=cos4x 23. y -sinca 
Period = Em um Period = nd -]2z 
4 2 1/6 
25. y-cos2zx 
Period = a =1 
20 
27. y=sin2x 29. y= cos 
Period = Eu =7 Period = eu -Ó6z 
2 1/3 
; .O 
31. y-sinzx 33. yeso 
Period = Zu =2 Period = Ze =4 
T /2 
35. The amplitude is 4 because the greatest y-value is 4 and the least y-value is -4. The period is 4 zr 
because the graph repeats itself every 4 a units, or f(x+4s) = f(x). 
37. The amplitude is 2 because the greatest y-value is 2 and the least y-value is -2. The period is 2 
because the graph repeats itself every 2 units, or f(x+2) = f(x). 
39. The amplitude is 5 because the greatest y-value is 5 and the least y-value is —5. The period is 3 
3 9 9 3\ 9 3 12 
because one complete curve goes from -> to — or —-|-—]=—+—=—= 
4 4 4 4} 4 4 4 
41. y= sin 3x Amplitude = > 43. y=-10 cos Amplitude = 10 
Period = 2m Period = CUm -20z 
3 1/10 
45. y=4sin2x Amplitude =4 47. y= inca Amplitude =3 
Period = Zu m Period = ae 4x 
2 1 
49. y= Tas 3x Amplitude = 3 51. y= Mu un Amplitude = E M 
2 2 2 2 2| 2 
Period = zu Period = pem. =4 
3 ni 
53. y 23coszx Amplitude = 3 S55. y=3sin2x Amplitude = 3 
Period = a =2 Period = zu =2 
m m 
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57. y =—3cos > Amplitude =|-3| = 3 
Period = ae -4m 
1/2 
This graph is reflected about the x-axis. 
59. y - -2sin(-3x) Amplitude =2 
= -(-2sin3x) Period = = 
=2sin3x 
Note: sin(-x) = —sinx because sine is an odd function. 
61. I = 20sin(1202t) 
Amplitude = 20 The maximum value of J is 20 amperes. 
Period = EUM - if One complete cycle takes SÉ second. 
120xz 60 60 
63. d =-3.5cos(2at) 
(b) Amplitude = |-3.5| - 3.5 Farthest distance is 3.5 centimeters. 
(c) Period = = =! It takes 1 second to complete one oscillation. 
T 
67. V = 230sin(100zt) 
Period = rim = JE Frequency = zit. =50 Hz 
100x 50 1/50 
77. sin| x | =sin{ 242 79. cos y-Ž =cos| Z-Z 
2 2 2 6 6 6 
-sinz =0 =cos0 =1 
81. sin(xty)=sin( 42 83. sinx +siny 2 sin sin 
2 2 6 
=sin 2a 1 1 
3 TUUS: 
x 43 zs 
=sin— =— = 
3 2 2 
s m 5x 2 m 5x 
85. 150° 2150| — | 2— 87. 225'2225|— | =— 
180 6 180 4 
4.3 Vertical and Horizontal Translations 
EVEN SOLUTIONS 
2. The value hin y= sin(x - h) represents a horizontal translation. If h is positive, the graph will be shifted A units to the 
right, and if ^ is negative, the graph will be shifted h units to the left. 
4. The graph of y=sin(Bx+C) will have a horizontal shift of -£ : 
6. The vertical translation is 0.5 units up. 8. The vertical translation is 2 units down. 
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10. The vertical translation is 4 units up: 12. The vertical translation is 1 unit down: 


y 


y=4+sinx 


< >: 
w2 <a 3/2 2x Y yz-l4cosx 
14. The vertical translation is 6 units up: 16. The vertical translation is A units down: 
y y 
. A 
y=6-sinx it 
* i | t f >r 
m2 nx 3a/2 2n Y 


18.  Theamplitude is 2, the period is zm - > , and the vertical translation is 2 units down: 


y 


y=-2 +2 sin 4x 


20. The amplitude is 2 , the period is = , and the vertical translation is 1 unit up: 


y 


y=1+4sin 3x 


w3 2/3 


22. The horizontal shift is 2 units to the right. 24. The horizontal shift is z units to the left. 
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26. The horizontal shift is z to the left: 28. The horizontal shift is 5 to the right. 


y 


y = sin (x — 7/6) 


30. 32. The horizontal shift is + to the left: 
y 
y = cos (x + 71/2) 
4— Y X 
-ni2 3712 
y = cos x 

34. 

y 

A 

1-6 
= 7 7 > yY 
aA \ 9714 
y-cos x\ y =cos (x — 77/4) 
ar N 
Y 
T 
36. The period is zm =2 , the horizontal shift is 7 = T , and the phase is E. 
m m~m 4 4 
REEE ? to E z 
38. The period is D = , the horizontal shift is E ,and the phase is z . 
T 

40. The period is = , the horizontal shift is 2 = c , and the phase is ES , 
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42. The amplitude is 1, the period is = =a , the horizontal shift is x , and the phase is m : 


y=sin(2x+7) A 


m 
44.  Theamplitude is 1, the period is a =2 , the horizontal shift is % = ; , and the phase is 2 : 
m T 
y 


y = sin (zx — 77/2) 


m 
46. The amplitude is 1, the period is = = , the horizontal shift is Z = x , and the phase is = . Note this is a 


; m ; 
reflection of y= cos (2x - z) across the x-axis: 


s d 
y= -— cos (2x — 7/2) 


2m — 


/5 


48.  Theamplitude is 3, the period is 4a ,the horizontal shift is 
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-T 
50. The amplitude is : , the period is = , the horizontal shift is z = , and the phase is 5: 


2x m 


52. The amplitude is 3, the period is — = 6 , the horizontal shift is —> =1 , and the phase is 2 : 


75 75 


yz3cos(ix-i) 


c 


A y=3+sin (zx — 71/2) 


58.  Displacing the graph from Problem 46 by —2 units: 
y 


y2-2-cos (2x - 1/2) 
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T 
60. The amplitude is 2, the period is x - 4t , the vertical translation is 3, the horizontal shift is % = gt ,and the phase 


Z Z 


6 y=3+42sin(4x-4) 


+ 


N 


62. The amplitude is : , the period is = , the vertical translation is = , the horizontal shift is + , and the phase is —. 


Note that this curve also has an x-axis reflection: 


cos (3x — zt) 


N 


it 


-T 
64. The amplitude is Z , the period is = , there is no vertical translation, and the horizontal shift is -7 = i 


Note that this curve also has an x-axis reflection: 
y 2-isin (3x + 7/2) 


-3m 
66. The amplitude is , the period is A =2 , the vertical translation is 2, and the horizontal shift is a) = -2 ; 
m m 


Note that this curve also has an x-axis reflection: 


y22-icos (ax + 32/2) 
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68. a. Sketching the graph: 


L=8—2 cos (Ant) 


At equilibrium, its length is 8 inches. 
It is shortest at a length of 6 inches. 
It is longest at a length of 10 inches. 
Sketching the graph: 


Soep og 


70. 


i y = 2 cos (990r — 0.64) 


b. The phase angle is —0.64. 
T 


T ; 
=— radians 


72. First convert 60? to radians: 60? = 60 e 


The arc length is given by: s 2 r0 2 24* z =87 cm 


74. First convert 135° to radians: 135? =135 e Lap BE radians . Since s 2» r0: 
gan 
4 
240 = 37r 
80 
r=— m 
m 


The radius of the circle is et meters. 
T 


76. The vertical translation is 1. The correct answer is c. 


78. The phase is A . The correct answer is c. 


ODD SOLUTIONS 
1. vertical, upward, downward 3. phase 
5. Up 5 units 7. Down n unit 


For problems 9 through 15, see textbook answer section for graphs. 
17. y=44+4sin2x Amplitude = 4 


Period = 2a = 
2 


Vertical translation = 4 
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19. 


1 1 
=-l1+—cos3x Amplitude = — 
* 2 H 2 


Period = 2m 
3 


Vertical translation = -1 


For problems 21 through 33, see textbook answer section for graphs and answers. 


35. yo cos| 22 anis = 6 
3 3 a /3 
Horizontal shift = HB --] 
z1/3 
Phase = Ž 
3 
: F 2m m 
37. y -sin(6x - x) Period = —— == 
6 3 
; . AI, 
Horizontal shift = * 
Phase = —z 
39. y=3-sin( Zw Z Period = — = 47 
2 6 
Horizontal shift = "ED Tin 
1/2 3 
Phase = Ž 
6 
41. Amplitude =1 Period = = =n Horizontal Shift = s 
One cycle: 0 <2x-m «2x Phase = -7 
1 T 
ms2xs3m Spacing 2 —(z)2— 
pacing =- (x) 7 
T 3x 
—<x<— 
2 2 
The 5 points we use on the x-axis are um UMS on ae 
2 4 4 2 
The 2 points we use on the y-axis are -1 and 1. 
43. Amplitude = 1 Period = 2m =2 Horizontal Shift = SUBE - e 
m T 2 
One cycle: 0 <7mx+ T <2n Phase = = 
2 2 
-= < nxs Spacing -i0-5 
3 
-—sxs— 
2 
: : 1 1,3 
The 5 points we use on the x-axis are - —,0, —,1,—. 
2-2. 2 
The 2 points we use on the y-axis are -1 and 1. 
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45. — Amplitude =|-1|=1 Period - = =r 


One cycle: 0<2x+ T 2n Horizontal Shift = Eme aum 
2 2 4 
a id Phase = T 
2 2 2 
X 3x , X 
-—sxs— Spacing = —(z)2— 
1 pacing —-4mJ- 
The 5 points we use on the x-axis are Scr T, 2A EE. 
4 42 4 
The 2 points we use on the y-axis are -1 and 1. The graph is reflected about the x-axis. 
47. Amplitude - 2 pne ae 
1/2 
One cycle: 0< Lucus Herzen bi ec eoa 
2. 2 1/2 
NP Phase = = 
2. 2 2 2 
—msx<30 Spacing -i(m)-a 
The 5 points we use on the x-axis are —7,0, m, 27,37. 
The 2 points we use on the y-axis are -2 and 2. 
49. ^ Amplitude- l penas Bonoentlshm cire m 
2 3 3 6 
One cycle: 0x 3-7 <27 Phase = E 
X 5x : 1/27) x 
— < 3x <s — Spacing = —| — |=— 
2 2 4\ 3 6 
T 5x 
—<x<— 
6 6 
; ; au mw 2m SH 
The 5 points we use on the x-axis are —, —,—,—,—. 
632 3 6 
The 2 points we use on the y-axis are - and = , 
, s 2x ; ; mi3 
51. Amplitude = 3 Period 2 — =6 Horizontal Shift = —— =1 
a /3 mi3 
One cycle: 054-7. 05 Phase = - 
3 3 3 
mox Tr 3 
— < — x < — Spacing =—(6)=— 
3 3 3 PS (6) 2 
lsxs7 
: p 5, ll 
The 5 points we use on the x-axis are 1, = 4, 2" q.s 
The 2 points we use on the y-axis are -3 and 3. 
53. The graph in problem 41 is shifted up 1 55. The graph in problem 43 is shifted down 3 unit. 
units. 
57. The graph in problem 45 is shifted up 2 units. 
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59. Amplitude = 3 Period = a -4m Horizontal Shift = ae) = a 
1/2 1/2 3 
One cycle: 0< Boc fion Phase -- 
2. 3 3 
m 1l Tr ] 1 
—<s-xs— Spacing 2 —(4z)- x 
3 2 3 BER 4 ( ) 
= xxx = Vertical Translation = -2 
The 5 points we use on the x-axis are zx Du ELE Ir wr i 
3 3 3 3 
The 2 points we use on the y-axis are -2 -3=-5 and 243-1. 
. 1 , 20 : ] -t T 
61. Amplitude = — Period = — Horizontal Shift 2 — =-— 
2 3 3 3 
; l(2z) x 
One cycle: 0x 3x4 52 Spacing 2—|— |=— 
4\ 3 6 
-m<3x<n Phase = 2 
ene” Vertical Translation = 2 
3 3 2 
The 5 points we use on the x-axis are zm ae ,0, m A 
3 6°63 
: ; 3 1 3 1 
The 2 points we use on the y-axis are -- — 21 and —+—=2. 
9. 29, 2:72 
This graph is also reflected about the x-axis. 
m 
63. Amplitude = 4 Period = = =I Horizontal Shift = == * 
T 1 - 
One cycle: 02x-— <27 Spacing 2 —(z)2— 
y 3 pacing — (a) => 
+ <2x< 2d No Vertical Translation 
X 5x 
—<x<— 
4 4 
f au 3n 5x 
For one complete cycle, the points we use on the x-axis are re z FE. T, ae : 
The points we use on the y-axis are 4 and -4. 
We must extend our graph from E to = 
65. Amplitude = 3 Period = zr =2 Horizontal Shift = UM = E 
m xz 4 
One cycle: 0 < mx- Th yg Spacing - Ji) ad 
47 4 2 
TAIX A Vertical Translation = 2 
4 4 2 
1 9 
—sxs— 
4 4 
The 5 points we use on the x-axis are i Le 2 ES z F 
44444 
3 . 5 1 5 1 1 
The 2 points we use on the y-axis are 2r 3z 2 and —+3=— 
The graph is reflected about the x-axis. 
We must extend our graph from -2 to 2. 
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67. Amplitude = |-3.5|-3.5 ^ Vertical Translation = 15 
(b) At equilibrium, the length of the spring is 15 cm. 
(c) The spring is the shortest at 15 -3.5 =11.5 cm. 
(d) The spring is the longest at 15.4 3.5 218.5 cm. 


71. s-rÜ 73. pot 
0 
-10(2| E 
6 6 
EX Kop R 
3 3 


4.4 The Other Trigonometric Functions 


EVEN SOLUTIONS 


The number 3 in y 23secx will expand the graph of y 2 secx vertically by a factor of 3. The number a in 


y= wer will contract the graph of y 2 secx vertically by a factor of i : 


4. To graph y=k+ Acsc(Bx * C ) , first sketch the graph of the corresponding sine function to use as a guide. 
6. Graphing one cycle: 8. Graphing one cycle: 
i 
à y=3cotx 
3 + 
y 
A 
2+ | À 
= T > x | | 
1+ | 
T | 
t | Ha 
27 
A 
S2 | 
r= x -2 
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Sketching the graph: 


10. Graphing one cycle: 
y 
34 
14. The period is 
16. The period is 
18. The period is 
20. The period is 
2X. Jphexenodis hcm 
4 2 
y 
à y=csc4y 
2+ 
l- 
H 
ms 
oe 
-2-L 
Chapter 4 


32/8 


12. Graphing one cycle: 


y 
A yz-4cscx 
8L 
4+ 
| + | +> x 
m2 372 
4+ 
-8 


24. The period is e = 8a . Sketching the graph: 


Z 


ip] i 

l 

t ' H x 
4m Sr 
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26. The period is T = 3z . Sketching the graph: 28. The period is a Sketching the graph: 
3 m 
y y 
n 
2 — 
y = — cot zx 
1+ 
X ll» X 
3x 
eL 
2+ 
x= 3/2 xzl 
4. 24 . 4. 24 
30. The period is —: 32. The period is —— 24; : 
: Z 
2 
y 
n 
2+ 
y=3 csc Ix 
1 4- 6 i 
l 
i 
l 
3-- | 
! ! : + L>» x 
a3 2n1/3 ) 
pes 
--L a 3x 
l 
E p . 
l 
2+ 
y=tsec 3x -6-L i - 
SE 
34. The period is eS 36. 
A y=3 tan 2x 
A-L- 
| 
2-- | 
| x 
» Xx 
a2 
-2-- 
4+ 
x=a/4 
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38. The period is a . Note this is a reflection of y 2 tan4x across the x-axis. Sketching the graph: 


40. The period is = . Sketching the graph for Ox x <27: 


y 
y =-2 sec 3x 


4 I i I LI 
I | I l I 
I I ] I ] 
9 i [ | l I 
I [ I l I 
I I | I ] 
I | | I ] 

< t 4 , } t i : > x 
I | I 

i ! a, | 22 
I I l 
-2 l [ I l I 
| I | I I 
| [ I I ] 
=| i \ i [ i \ 
42. a. Sketching the graphs: b. Sketching the graphs: 
y 


y 


x y=-5 + cotx 
l 
| 


x=-27 x=20 
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c. Sketching the graphs: 


44. a. Sketching the graphs: 
y 


9 


c. Sketching the graphs: 


|^y-2cscx 
x 


y=-—3 + csc x 


x-22x 


46. a. The graph is shifted + to the left: b. 
y=csc(x+aq/4) , y=cscx 
s A 

| fy iH ifa Y 

| Iji | iy I 

| I I I I I I 

l | l I 

| | gd I FÉ I 

| | l l I l I 

i - + —- t> X 

| I I I l l | 

| I | | | l I 

| l l 

| I I I [ | I 

x= -2x| TL E TANELP.. 
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y y=cscx 


x=2n 


The graph is shifted z to the right: 


y=cscx y  y=cse (x -— 7/4) 


A 
| 3 E 
| if 
| jai 
| | 
| Ii 
l Iil 
H H + 44 > y 
| I l 
| I | 
l 
| if 
| ifi 
xz-2z| 3 iJ x= 2x 
A 
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48.  Displacing the graph from Problem 24 by 3 units: 50.  Displacing the graph from Problem 26 by —4 units: 
Y 


A TK scix à ^ y=—443 tan 2x 


A 2 
9-1 ZEE ! 
l l 
| ! z 
64- i | 
| | -2-7 À 
l l 
| I l 
3-- | i - 
l l 
| a 
H | rx | 
x | 3x ! T | 
l 
| I I 
3-- i -10—- x=al4 
52. The period is æ and the horizontal shift is z ] 54. The period is a and the horizontal shift is et 
y y 
y = tan (x — 71/4) Ae : 
x 
E; 
56. The period is » and the horizontal shift is 7 = : 
y 
A 
3 
= > Y 
-mi4 mi4 
y = tan (2x + 7/2) 
-3 
Y 
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58. Sketching the graph by first graphing y= esee z) : 


y 


y = sec (x + 71/4) 


x= 5/4 
60. Sketching the graph by first graphing y= 2sin (2x - z) : 


y 
y = 2 csc (2x — z/2) 


y = 2 sin (2x — 7/2) 


62. Sketching the graph by first graphing y= E - z) ; 


y = —3 sec (2x — 71/3) 


I 
I 
WP |, y 2-3 cos Qx — 2/3) 


\ 
\ 
N 
\ 


2a/3 
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66. The period is = =1, the range is b lys E oryz >| , the vertical translation is up > , and the horizontal shift 
x 


74 


. 1 
is —-—. 
2m 8 


-X 
LM 3 , the range is (—20,00) , the vertical translation is up 4, and the horizontal shift is Ve =-l. 


% 
ai 


70. The period is > , the vertical translation is 1, and the horizontal shift is a =— 


68. The period is 


y 


n y= 1 + tan (2x — z/4) 
at | 
3-- I 

t 

5.1. [j 

! 

[j 

I 

l=- [ 

i 

< +—+— 

a8 m4 | 

I 

p: i 

I 

! 

EDE i 
i x z 3a 


-T 
72. The period is zZ =] , the vertical translation is a , and the horizontal shift is 75 
m m 


reflected across the x-axis: 


1 f ; 
= $5 . Note that this curve is 


i 
Q4 Y=- $ -3 cot (x + 71/2) 

4l 

3+ 


T 


| 
l 
I 
i 
| 
| 
| 
1 
| 
i} 
I 
| 
l 
T 
| 
| 
| 
| 
| 
! 
| 
i 
1 
| 
l 
| 
| 
i} 
I 
i 


N 


x=-1/2 Y x 
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m 
74. The period is oe —- 4t , the vertical translation is —2, and the horizontal shift is 73 = = : 


/ Z 


y 1 x 
a y-7-2-«sec(;x-3) 


2 E | | 
| | 
| | 
| | 
- aioe 
2n/3f 1 Su3 i 1477/3 
| | 
| 
2l 
I | 
| | 
| | 
--- | | 
| | 
| | 
| | 
6 aL | | 
Y x = 5a/3 x= 11m3 


-T 
76. The period is Eus — 2 , the vertical translation is 1, and the horizontal shift is TA = E . Note that this curve is 


T T 
reflected across the x-axis: 


A y=1-tLese (x + 7/4) 


> 


x=3/4 x=7/4 
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78. Sketching the graph: 
l= 100 sec 7t 
300 - 
100 
< + + | w. f 
2 4 
-100 - 
-300 
: in Xr T. 
80. The argument is 90°-@. 82. The argument is 3 + ae 
84. The value is 0.9848. 86. The value is 0.1335. 
88. The value is 3.5629. 
90.  Thisis a cosecant graph shifted vertically by 1 unit and translated horizontally by z . The correct answer is b. 
in eps DAD : 
92. The period is — = 4 . The correct answer is a. 
75 
2 
ODD SOLUTIONS 
1. expanded, contracted, multiply 3. - 
For problems 5 through 11, see textbook answer section for graphs. 
13. — Petiod= Tor 15. Period = 27 6 
2 z1/3 
17.  Perod- 2-1 19. Period = —— - 2; 
3a 3 1/2 
21. y =csc3x 23. yesecTx 
Period = Zu Period = A =8 
3 ni4 
25. y--tan- 27. y=cot4x 
Period = LL 225 Period = Ž 
1/2 4 
Graph is reflected about the x-axis 
29. jae eae ae Petieds 2” 31. ete Peuodo nay 
2 3 2 1/2 
33. y=2tan3x Period = = 35. dato t. Period = —_ =2 
3 2^- 22 mi2 
Graph is stretched by a factor of 2 Graph is contracted by a factor of 
37. =-cot2x Period = > 39. y=-2csc3x _—~Period = = 
Graph is reflected about the x-axis Graph is reflected about the x-axis and is stretched by a factor of 2. 
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For problems 41 through 45, see textbook answer section for graphs. 
47. este Besos Bedodes siy 
2 1/2 


Vertical translation = -2 
The graph in problem 31 is shifted down 2 units. 
49, ogaao | Periods 5 
22 a /2 
Vertical translation = 3 
The graph in problem 35 is shifted up 3 units. 


51. Period =z Horizontal shift = m 
F i TTT T 
For one complete cycle, the vertical asymptote will occur at x = CMS = FN 
3x 


The x-intercepts will be at x = E and x- P 


53. Period =a Horizontal shift == 


; ; m T a 5x 
For one complete cycle, the vertical asymptotes will occur at x =0+ za = a and at x2 4 a = ee 


The x-intercept will be at x= = ; 


55. Period = z Horizontal shift = MES IU 
2 2 4 


One cycle: 0 « 2x-7. «x 


The x-intercepts will be at x = i and x= = . The vertical asymptote will occur in the middle of this interval at 


T 
x=—. 
2 
57. First, we will sketch the reciprocal function y = sin : + z) 
Amplitude = 1 Period = 2z Horizontal shift = = 
; ; mom 3m Sa Tr : : 
The 5 points on the x-axis are Er zu ma . The 2 points on the y-axis are | and -1. 


We sketch this sine curve using a dotted line. The asymptotes will occur where y = 0, that is at v T. and = : 


Using the asymptotes and the sine curve, we sketch the graph of y= csc [s z) : 
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59. First, we will sketch the reciprocal function y= 2cos [2x - z) using a dotted line. 


Amplitude = 2 Period = ET =I Horizontal shift = ae = 
2 2 4 
The 5 points on the x-axis are 2 1 T. T, 2 . The 2 points on the y-axis are -2 and 2. 


The asymptotes will occur at Š and x . Using the asymptotes and the cosine curve, we sketch the graph of 
T 
-2sec|2x-—|. 
i | 2 | 


61. First, we will sketch the reciprocal function y - —3 sn( 28 + z) 


Amplitude = 3 Period = = =I Horizontal shift = =" ES 


The 5 points on the x-axis are i PLUIE S . The 2 points we use on the y-axis are 3 and -3. We sketch 


6123 12’ 6 
this sine curve which has been reflected about the x-axis using a dotted line. The asymptotes will occur where y = 0, 


that is at ET = and i . Using the asymptotes and the sine curve, we sketch the graph of y = -3 csc [iss z) ; 


63. Period = = =I Horizontal Shift = T = 7 (to the right) Vertical Shift is up 3. 


Normal Range for cosecant function is y«s-loryzl. Adding 3, we get ys—-1+3 ory21+3. 
Range is ys2 ory24. 


65. Period = E zm Horizontal Shift = ——— = - (to the left) Vertical Shift is down 2. 
m T 
Normal Range for cosecant function is ys-1 or y>1. The factor of > has to be multiplied, giving us 


ys- oryel. Subtracting 2, we get ys-i- orysl-2. 


Range is y < I oryz 2 
or yu 
67. Period = D -2z Horizontal Shift = LI = + (to the right) Vertical Shift is down 1. 
Normal Range for tangent function is (-20,00) . This will not change. 
69. Period = =21 Horizontal Shift = ET ES Vertical Translation = -1 
1/2 1/2 2 


One cycle: 0 bugs T 
2 4 


i ; . , m 3x ; : Í 
Before the vertical translation, the x-intercepts will be at x = E and x- m The vertical asymptote will occur in 


the middle of this interval at x = > . Sketch this graph with a dotted line, reflect it about the x-axis, and then shift it 


down one unit. 
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30/2 _ 


71. Period = IE 2 Horizontal shift = =3 Vertical Translation = 


w/2 mw /2 


N |v 


One cycle: 0 TUE X 
2 2 


3<x<5 
The vertical asymptotes will be at x 2 3and x=5 . The x-intercept (before the vertical translation) will occur in the 


middle of this interval at x =4 . Graph is contracted by a factor of ; , reflected about the x-axis, and shifted up : 


units. 
73. First, we will sketch the reciprocal function y= D sin( - z) ] 
Period = = Horizontal shift = == = z Vertical Translation = > 
The 5 points on the x-axis are m T 2: ag 2m . The 2 points on the y-axis are Eri = s and La = 2 . We 
6 32 3 6 3 3 3 3 


NE : ; ; . m X 5x : 
sketch this sine curve using a dotted line. The vertical asymptotes will occur at x = 6 x= 37 and x = 2x Using 


the asymptotes and the sine curve, we sketch the graph of y= = ese(3x- z) ; 


75. First, we will sketch the reciprocal function y - -3-2 [s + z) 
. ; 2x ] . -74/3 1 ; s 
Amplitude = 2 Period = — =2 Horizontal shift = ——— = E. Vertical Translation = —3 
m m 
Y . 1 1275 : . 
The 5 points on the x-axis are E. 5 3 ra 2 . The 2 points we use on the y-axis are -3+1 =-2 and -3-1-2-4. 


This graph is also reflected about the x-axis. We sketch this cosine curve using a dotted line. The vertical 


asymptotes will occur at x = : and x- Z . Using the asymptotes and the cosine curve, we sketch the graph 
y=-3-2 se 22+] à 


77. d=100tan 5 
t | o |an | 1 | 3⁄2 


N 
nn 
~~ 
N 
W 
- 
mors 
N 
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4.5 Finding an Equation from Its Graph 


EVEN SOLUTIONS 


2. 


Given a sine or cosine graph, the vertical distance between a maximum point and a minimum point is equal to twice 
the amplitude. 


4. To find the horizontal shift for a cosine graph, find a maximum point and use the x-coordinate of that point. To find 
the horizontal shift for a reflected cosine graph, find a minimum point and use the x-coordinate of that point. 
6. The slope is ; and the y-intercept is 1, so the equation of this line is y= Pre : 
8. The slope is —2 and the y-intercept is 3, so the equation of this line is y=-2x+3. 
10. This is a cosine curve with amplitude = 1 and period = 2% . There is no horizontal translation, so the equation 
is y=cosx. 
12. This is a sine curve with amplitude = 2 and period = 2x . There is no horizontal translation, so the equation 
is y=2sinx. 
14. This is a reflection of the curve from Problem 12 across the x-axis, so the equation is y 2 -2sinx. 
16. This is a cosine curve with amplitude = 1 and period = x , therefore: 
2o 
B 
2m =2B 
B=2 
There is no horizontal translation, so the equation is y=cos2x . 
18. This is a cosine curve with amplitude = 1 and period = 4% , therefore: 
ST =47 
B 
2m =470B 
ut 
2 
There is no horizontal translation, so the equation is y= cos ; 
20. This is a sine curve with amplitude = 3 and period = 7t , therefore: 
2x 
— =m 
B 
22 =2B 
B=2 
There is no horizontal translation, so the equation is y 2 3sin2x . 
22. This is a cosine curve with amplitude = 2 and period = 2, therefore: 
2x 
2x -2B 
B=n 
There is no horizontal translation, so the equation is y=2cosmx. 
24. This is a reflection of the curve from Problem 22 across the x-axis, so the equation is y 2 -2cosztx . 
26. This is a vertical translation of the curve from Problem 24 of 3 units, so its equation is y 2 -2cosztx- 3, or 
y-23-2coszx. 
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28. This is a sine curve with amplitude = 2 and period = x , therefore: 


C x 
B 8 
C x 
2 8 
cut 
4 


The equation is y= 2sin [s - z) i 


30. This is a sine curve with amplitude = 3 and period = = , therefore: 


2x 2m 
B 3 
B=3 


C mz 
B 4 
C mz 
3 4 
c3 
A 


The curve is a reflection across the x-axis, so its equation is y=-3 sin( 3 + =) : 


32. This is a cosine curve with amplitude = 2 and period = ES , therefore: 


The curve is a reflection across the x-axis with a vertical translation of —2 units, so its equation is y - -2- 2cos(3x) : 
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34. This is a cosine curve with amplitude = 2 and period = = , therefore: 


2x _ 2x 
B 3 
B=3 


C x 
B 6 
C zx 
E 6 
EE] 
TR 


The curve is a reflection across the x-axis with a vertical translation of 3 units, so its equation is 
T 
y= 2-2cos(3x+ 2) ; 


36. The amplitude is 210. Since the frequency is the reciprocal of the period: 


2x d 
wo 90 
Q —-180zx 


So the voltage is V = 210sin(180zr) . 
38. The curve will be a cosine curve reflected across the x-axis. The highest point is 165 + 9 = 174, and the lowest point 
is 9, so the amplitude is 574 —9) = 82.5 . There is no horizontal translation, so the curve will have the form 
h = K -82.5cos(Bt) . When t = 0, h = 9, so: 
9 = K -82.5 
K =91.5 


2 i ] dt : EON 
Since the wheel revolves at 1.5 Evolutions , it requires S BHL to complete 1 revolution, so the period is 2 Therefore: 


B=3n 
Therefore, the equation is given by h=91.5-82.5cos(3m?t) . 


40. We will use a cosine function to model this data. The form is T =k + Acos(B(m - h)) . First find the amplitude: 


A= 5(14.52-9.78) =2.37 


Now finding the vertical translation: k = $(9.78 +14.52) 212.15 
The longest day occurs at d = 180 and the shortest occurs at d = 360, so the period is 2(360 — 180) = 360. 
Finding B: 
20 366 
B 
22 =360B 
LM 
180 


Since the maximum occurs when d = 180, h = 180. Thus the curve is T 212.15 4 2.37 cos( A (a-180)] 3 


This can be written as T =12.15 Hare [4- x); 
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42. We will use a sine function to model this data. The form is T =k + Asin(B(t - h)) . First find the amplitude: 
Az ;5 -38)=3.5 


Now finding the vertical translation: k = ;(5 + 38) - 41.5 


Since the day is 24 hours: 


em 

B 

27 =24B 
_ T 
12 


Since the lake reaches its average temperature at 10 AM, h = 10. Thus the curve is T =41.5+3.5 uz - 10) ; 


This can be written as T 241.54 3.5 sin( 2 - zi ‘ 


44. The reference angle is 180? — 168° = 12°. 

46. The reference angle is —115° + 180° = 65°. 

48. Since 490° has the same trigonometric values as 130°, the reference angle is 180° — 130° = 50°. 

50. Since cos0 =0.4557 , the reference angle is given by ô= cos! (0.4557) = 62.9? . Since 0 terminates in quadrant IV, 
0 = 360° - 62.9° = 297.1° . 


52. Since sec@ = -6.2832 , cos0 =- l , so the reference angle is given by ó- eo i 
6.2832 6 


= 80.8? . Since 0 
832 
terminates in quadrant III, 0 2 180? + 80.8? = 260.8° . 
54. Since tan0 = 8.1506 , the reference angle is given by ó- tan7! (8.1506) = 83.0° . Since @ terminates in quadrant III, 


0 =180° + 83.0° = 263.0° . 
56. This is a sine curve with amplitude 3, reflected across the x-axis, with a vertical translation of 2 and a period of 5. So: 


20.25 

B 

2x -5B 
| 2m 
Tue 


Thus the equation is y -2- ssi [2 . The correct answer is d. 


58. The formis T =k- Acos(B(t - h)) . First find the amplitude: 


A= 5 (80-40) -20 


The highest temperature occurs at t = 15 and the lowest occurs at t = 3, so the period is 2(15 — 3) = 24. 


Finding B: 
zm =24 
B 
2m =24B 
X 
12 


The correct answer is c. 


Chapter 4 Page 208 Problem Set 4.5 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


ODD SOLUTIONS 


1. half, period 3. average 

5. Since the line crosses the y-axis at 1, we know that b = 1. The ratio of vertical change to 
horizontal change between any 2 points is E . Therefore m= zi . The equation of the line 

2 2 
must be y- -Zx+ ; 

7. Since the line crosses the y-axis at -3 , we know that b 2 —3. The ratio of vertical change to 
horizontal change between any 2 points is Z or 2. Therefore m =2 . The equation of the line 
must be y22x-3. 

9. The graph is a sine curve with an amplitude of 1, period 2 , and no horizontal shift. The equation 
is y=sin x. 

11. The graph is a cosine curve with amplitude of 3, period 27r, and no horizontal shift. The equation 
is y=3cos x. 

13. The graph is a cosine curve that has been reflected about the x-axis. The amplitude is 3, the 
period 2z , and no horizontal shift. The equation is y= -3 cos x. 

15. The graph is a sine curve with an amplitude of 1, period = , and no horizontal shift. To find B, 

2x 2m 2m 2m 
we set — equal to —: ——-2—— 
3 B 3 B 
B=3 
Therefore, the equation is y = sin 3x. 
17. The graph is a sine curve with amplitude of 1, period 6z , and no horizontal shift. To find B, 
2x 
we set 6z equal to —: 
B 
6T = 2a 
B 
6xzB-2x 
jui 
3 
Therefore, the equation is y sina, 

19. The graph is a cosine curve with amplitude of 2, period of = , and no horizontal shift. In problem 15, we found 
that B = 3. Therefore, the equation is y =2cos 3x . 

21. The graph is a sine curve with amplitude of 4, period of 2, and no horizontal shift. 

To find B, we use 2 = 
2B-2x 
B-zx 
Therefore, the equation is y=4sinzx . 

23. The graph is a sine curve that has been reflected about the x-axis. The amplitude is 4, the period of 
2 and no horizontal shift. In problem 21, we found that B= . Therefore, the equation is 
y--4sinzx. 

25. The graph is the sine curve from problem 23 that has been moved up 2 units. Therefore, the equation is 
y=2-4sinzx . 
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27. The graph is a cosine curve with amplitude of 3. The period is E - Ed or z and the horizontal 


shift is NS . To find B, we use m = 2i To find h, we use E E a 
8 B 8 B 
Bu=2n _3a__h 
8 2 
B-2 p -37 
4 


Therefore, the equation is y=3 coss + =) ; 


29. The graph is a cosine curve that has been reflected about the x-axis. The amplitude is 2. The 
period is m - Bm = 2r . The horizontal shift is Z. 
4 12 12 3 
To find B, we use A To find h, we use T asd 
3 B 12 B 
B=3 mon 
12 3 
hest 
4 


Therefore, the equation is y - -2 cos[ 3x - zj 


31. The graph is the sine curve with amplitude of 3 and a period of z that has been reflected about the x-axis and shifted 
down 3 units. To find B, we use m = = 
Bu =20 
B=2 
Therefore the equation is y 2 -3-3sin(2x). 
33. The graph is the sine curve that has been reflected about the x-axis. The amplitude is 3. The period is 
um ur - Sm =x . The horizontal shift is Z and the vertical translation is 3. 
4 4 4 4 
To find B, we use Cd To find h, we use Noob 
B 4 B 
B-2 LR 
4 2 
jns 
2 


Therefore, the equation is y 2 3-3sin [2x - z) : 


35. Amplitude = AAEN =5 Period = : - l = 2 
2 frequency 0.8 4 
2m 5 
B 4 
5B-8x 
puit 
5 
A. 8 
Therefore, the equation is d =5cos ut 
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39. This is one possible solution. There are others. Consider the graph is a sine curve with amplitude 400 and period 4 
that has been reflected about the x-axis and shifted up 1400: 


20 


To find B, we use cag 
4B=2n 

Bat 

2 


Therefore, the equation is n = 1400 — 400 sin( 2) ; 


41. This is one possible solution. There are others. Consider the graph is a cosine curve that has been reflected about 
the x-axis. It has been shifted up 60 units and to the right 3 units. 


Amplitude = WN 


Therefore, the equation is T = 60 -20 cos( “2m - :3 : 


43. 6 = 360° -321° 
x39 
45. 0 -236' -180° 
=56° 
47. = ~276° + 360° 
= 84° 
0-84 
51. cscÓ = 2.3228 
sin = 
2.3228 
Ô = sin" (0.4305) 
0-255 
Therefore, 0 2180' 4 25.5* 
-205.5 
Chapter 4 


=20 To find B, we use ZZ Lo To find h, we use -2-3 


9B=27 oe 
22/9 
p.24 n2-25 
9 3 
20 2x 
3 
49.  sinĝ - 0.7455 
0 = sin" (0.7455) 
6 = 48.2° 
Therefore, 0 = 180° - 48.27 
=131.8° 
53. cot@ = 0.2089 
tanĝ = ! 
0.2089 
Ô = tan! (4.7870) 
0-782 
Therefore, 0 = 360° - 78.27 
-281.8 
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4.6 Graphing Combinations of Functions 


EVEN SOLUTIONS 
2. If yj is positive, then yı +y will lie above y, by a distance equal to. yp. 
4. A Fourier series can be used to represent certain waveforms as an infinite sum of sine and/or cosine functions. 


6. The corresponding point is (0,3—5) = (0,-2) . 


x AME. 


8. The corresponding point is z ; 


2 2 4 
10. Graphing yj =1,y =cosx, and y=1+cosx: 12. Graphing y; =2, y --sinx, and y=2-sinx: 
y y 
A y=1+cosx y=2-—sinx 
] ^ =2 
-]-4 ~ > X 
Yy, = COS x 
23 -L 
Y 
14. Graphing yı = 4, yj =2cosx, and y=4+2cosx: 16. Graphing yı Zr =-COSX, and y- x=cos x: 
y y 
y=4+2cosx ; 
-2 n 
y, =2 cos x 
. 1 1 ; 
18. Graphing yı = a y? =-cosx, and y= 3t -cosx : 20. Graphing yı =x, y; =cosmx, and y=x+cosmx: 
y 
A 
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22. Graphing yı =3cosx, y; =sin2x, and y=3cosx+sin2x: 
y 


4 y=3 cos x + sin 2x 


24. Graphing y, =2sinx, y; =-cos2x, and y = 2sinx — cos2x: 


y= 2 sin x — cos 2x 


V4 Vy 
ar ~~ 
y y,=2sinx 


-2 


26. Graphing yj = cosx, y? = cos, and y 2 cosx + 087 : 


y = cos x + cos (x/2) 


y, = Cos x 


- ! > X 
4r 
-] +- — 
y, = cos (x/2) 
-9 + 
Y 
28. Graphing y, =sinx, y) =sin2x, and y = sinx * sin2x : 
y 
A 
2+ y=sinx+ sin 2x 
y =sinx 
l Shy, = sin 2x 
\ 4g 
` 
< » x 
es pea 
SAR 
Y 
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30. Graphing yj =cosx, y? = sin 2x, and y=cosx+ sin 2x: 


32. 


34.  Sketching the graph of y 2 xcosx: 


y=xcosx 


36. Graphing y =2, y; =sinx ‚and y- yj * y, -2-sinx: 


2-4 4- M -- 
fe - 
74 / 
< << DI > Y 
j4 n 2n 3N An 
y, =sinx 
-2-- -2 
Y 
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38. Graphing y =x, y; =-sinx ,and y= y +y -x-sinx: 


A y=x-sinx 
7y,=x 


40. 


OS x +2 sin x 


yz 


42. Graphing y, =cos2x, y) =2cos3x , and y= y, +y) - cos2x 4 2cos3x: 


y 


G 


y y 
A A 


44. a. Sketching the graph: b. Sketching the graph: 


2 


2+ ee 
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c. 


Sketching the graph: 


y 
A 


46. The distance the point travels is given by: s =vt =15 = *60 sec = 900 m 
48. Converting to angular velocity: 10 2% e 2 yr radians — 20 yr radians , mmm = Z radians 
min rev mın 60 sec 3 sec 
50. In40 minutes the minute hand moves Z revolution « 27r radians = = radians . 
Therefore: s2 r0 210 cms = = = 
52. The correct graph is b. 
ODD SOLUTIONS 
1. y, y 3. below, y, 
5. For x=1, y=y +y, 7. For x=, y=y,+y, 
214223 =-0.5+(-1)=-15 
Therefore, the corresponding point is (1,3) . Therefore, the corresponding point is (7,-1.5) . 
9. We let y, =1 and y, =sinx and graph y,,y,, and y - y, * y, on the same coordinate system. 
11. We let y, =2 and y, =—cosx (which is a cosine curve reflected about the x-axis). Then we graph 
Yo, and y- y, +y, on the same coordinate system. 
13. We let y, 2 4 and y, =2sinx (which is a sine curve with an amplitude of 2). 
Then we graph y,,y,, and y= y, * y, on the same coordinate system. 
15. We let y, = Zx and y, = -sin x (which is a sine curve reflected about the x-axis). Then we graph y,,y,, and 
y=y,+y, on the same coordinate system. 
17. We let y, = x and y, =cosx Then we graph y,,y,, and y= y, * y, on the same coordinate 
system. 
19. We let y, =x and y, -sinzx (which is a sine curve with a period of 2). Then we graph y,,y,, and 
y=y,+y, on the same coordinate system. 
21. We let y, =3sinx (which is a sine curve with an amplitude of 3) and y, =cos2x (which is a cosine curve with a 
period of a). Then we graph y,,y,, and y= y, * y, on the same coordinate system. 
23. We let y, =2cosx (which is a cosine curve with an amplitude of 2) and y, =-sin2x 
(which is a sine curve with a period of a and reflected about the x-axis). Then we graph y,,y,, 
and y= y, +y, on the same coordinate system. 
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25. We let y, =sinx and y, = sin (which is a sine curve with a period of 47 ). 
Then we graph y,,y,, and y= y, * y, on the same coordinate system. 
27. We let y, 2 cosx and y, 2 cos2x (which is a cosine curve with a period of s ). 
Then we graph y,,y,, and y= y, * y, on the same coordinate system. 
29. We let y, =sinx and y, = m 2x (which is a cosine curve with an amplitude of ; and a period of 
x ). Then we graph y,,y,, and y= y, * y, on the same coordinate system. 
31. We let y, =sinx and y, =-cosx (which is a cosine curve reflected about the x-axis). Then we graph y,,y,, and 
y=y,+y, on the same coordinate system. 
33. y=xsinx 
x 0 z/2 X 3a /2 2x 5z/2 3x 7x12 4r 
sinx 0 1 0 -1 0 1 0 -1 0 
xsinx 0 z/2 0 -3m /2 0 5a /2 0 -Iní2 0 
For problems 35 through 43, see textbook answer section for graphs. 
45. v=2 
t 
EL ft / sec 
20sec 4 
47. y -ro S=vt 
- m(32£) -18 —~-10 sec 
sec sec 
=18 m/sec =180 m 
49. pas oe E v=ro 
min rev 
=10 zr rad/min -(6 in)(10% ra 
min 
= 607 in/min 
4.7 Inverse Trigonometric Functions 
EVEN SOLUTIONS 
2. Only functions whose graphs pass the horizontal line test will have an inverse that is also a function. We call this type 
of function a one-to-one function. 
4. Because all six trigonometric functions are not one-to-one, we must restrict the domain in order to define an inverse 
function. 
6. The notation y=arccosx means that y is the angle between 0 and 7r , inclusive, whose cosine equals x. 
8. If y= tan! x , then y will be an angle between -Z and + , 
10. If y= cos"! x , then y can terminate in quadrant I or II. 
12. In order for sin! x(sin x) -x,x must be a value between 2 and d : 
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Problem Set 4.7 


14. Sketching the graph of y=sinx between "S and = then reflecting across the line y = x results in the graph of 
yssin'!x: 
y 
-— 
-u2 
Y 
16. Sketching the graph of y=cotx between 0 and a then reflecting across the line y = x results in the graph of 
y=cot! x: 
A 
A 
y= cot” x y=cotx 
X 
at 
Y 
18. Let x=cos7! v3 , SO mS and 0 <x <7 . Thus x2 so cos™! v3 a 
2 2 6 2 6 
zal ; T T SI 
20. Let x-sin  (0),so sinx=0 and -5xs7 Thu x=0,so sin (0)-0. 
22. Let x - tan ! (0) ,so tanx -0 and -5 <x<5 Thus x=0,so tan™'(0)=0. 
24. Let x=arccos(1),so cosx=1 and Ox «zr . Thus x=0 ,so arccos(1)=0. 
26. Let x=sin7! RA , SO ERO and -Z <x<Ž Thus edt so sin! LEE Ea i. 
2 2 2 2 4 2 4 
28. Let x= arctan Amm , SO pigs and sexe” Thus x2 LT so arctan NE Ee 
3 3 2 2 6 
30. Let x= arcsin RE , SO RE and -Z <x<Ž . Thus x=-2 «d arcsin E EIER 
2 2 2 2 3 2 3 
32. Let x «tan! (-43) so tanx 2—.3 and -Z <x<Ž Thus x=-—,SO tan”! (-V3)=-5 
-1 -1 2x 
34. Let x=cos |-—|,so cosx 2» -— and Osxsa.Thus x2 ——,so cos |-— PS 
36. Let x-arcsin(-1),so sinx 2-1 and -ZixaL Thus x--L,so arcsin-1) =-=. 
2 2 2 2 
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38. Using a calculator: sin"! (70.7021) = -44.6? 40. Using a calculator: arccos(0.2967) = 72.7? 
42. Using a calculator: tan"! (3.7990) = 75.3? 44. Using a calculator: sin! (70.6446) = -40.1? 
46. Using a calculator: arctan(-0.2679) = 15.0? 48. Using a calculator: cos ^! (70.9397) «160.0? 
50. a. The value is sin^! -] =-30°. 
b. The value is sin! EB =60°. 
c. The value is arcsin 23 =-45°. 
52. Let @=cos! „so 0 «0 «zx . Then sinf =0 , and so |2sin6| = 2sin0 . 
54. Let0= tan! , SO z^ «0« - . Then sec » 0 , and so [5sec6| = 5sec0 . 
; i : =) 5 
56. Since they are inverse functions: cos| cos B = E 
58. Since they are inverse functions: sisi 2 = E 
: ; } 47 7 
60. Since they are inverse functions: tan|tan — | = — 
2 24 
62. Evaluating: sin”! (sin 300°) = sin! 23 =-60° or = 
64. Evaluating: sin! [in z) -sin! E md 
6 2] 6 
66. Evaluating: cos! (cos45°) = cos! [s = 45° or 7 
68. Evaluating: c D os"! [eos 2] cos p E - 2m 
2 6 
2 af -1 1 o T 
70. Evaluating: tan (tan 30°) = tan pr 30° or P: 
72. Evaluating: t = an (tan) - = tan”! (v3) - E 
ETZ! 4 : P 
74. Let 0- tan 3p so tan? = ri Drawing the triangle: 
c 
4 
3 
Using the Pythagorean Theorem: c = A +3? - 41649 = 425 =5 
Therefore: csc| tan7! T =csc = ——-—- 2 
3 sing z 4 
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76. Let @=cos"! z , SO cos0 = = . Drawing the triangle: 
13 
a 
12 
Using the Pythagorean Theorem: a= 413? -127 = V169-144 =J25 =5 . Therefore: tan [cos z] =tan0 = 2 
-11 1 : i 
78. Let 0-tan y so tan0 = zi Drawing the triangle: 
c 
1 
3 
Using the Pythagorean Theorem: c= N 1? +3? =V1+9 = 10 . Therefore: cos (tan z) -cos0- = = E 
. -13 F 3 i ] 
80. Let 6=sin 7 so sinf = "a Drawing the triangle: 
4 
3 
b 
Using the Pythagorean Theorem: b = 44? - 3? - 416-9 - 47 . Therefore: cos sin! H -cos0- x 
82. cos”! (cosx) =x as longas 0sx <7. 
84. sin(sin"! x)= x as long as -Isx<l. 
86. Let@=cos!x,so cos8 2x. Drawing the triangle: 
l 
a 
x 
f 2 = 1- x? 
Using the Pythagorean Theorem: a 2 N1- x^ . Therefore: tan(cos x) =tan0 = 
x 
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88. LetO-tanx ,so tan0 =x . Drawing the triangle: 
c 
X 
l 
Using the Pythagorean Theorem: c = Vx? +1 . Therefore: cos(tan™! x) -cos0- : 
x +l 
"m , 1 : i 
90. Let 0=sin —,so sin@ - — . Drawing the triangle: 
x x 
x 
l 
b 
Using the Pythagorean Theorem: b = Vx? -1 . Therefore: tan [sin 2) =tan0 = : 
* x“ -1 
zz 5l 1 1 
92. From Problem 90: csc|sin — |=csc@ = —— =— = x 
x sin0 d 
x 
94. Calculating the radian value for d: 
4 eas" salt 53.896 sinf19 43.219 a toslot 53.896 suelo 43.219 ess 33.406 
60 60 60 60 60 
~ cos ! (0.9965) 
= 0.0837 
Multiply by r to obtain the great circle distance: s = rd = (3960)(0.0837) = 331 miles 
96.  Theamplitude is 3 and the period is zm =2: 
m 
y 
! y = 3 cos zx 
-< »- X 
Y 
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98. The amplitude is 3 and the period is = =a . Note this curve is a reflection of y 2 3sin2x across the x-axis: 


-27 


-3 +- 
Y 


100. The amplitude is 1, the period is 2 , and the horizontal translation is Te 


y 


y = sin (x + 77/6) 


T 
102. The amplitude is 3, the period is — = x , and the horizontal translation is 7 = e : 

y 

A 
3-4- 

y = 3 cos (2x - 1/3) 
+ > X 
a/6 7216 

AA 


Y 
104. Using a calculator: arcsin(-0.8855) = —62.3? 


. The correct answer is a. 
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106. Let @=cos! ees ,So cos0 = EA . Drawing the triangle: 


v10 v10 


V10 


2 
Using the Pythagorean Theorem: a= (Vio) -1° - 10-1 - 49 =3. Therefore: tan [s s -tan0 -3 
The correct answer is d. 
ODD SOLUTIONS 
1. interchange or reverse 3. reflection, y=x 
5. y-sin'!x, y - arcsin x 7. angle, P 5 sine 
9. LIV 11. LIV 
For problems 13 and 15, see textbook answer section for graphs. 
17. The angle between -Z and Ž whose sine is v3 is 2. 
2 2 2 3 
19. The angle between 0 and a whose cosine is -1 is s. 
21. The angle between 2. and > whose tangent is | is =. 
E 2. 3x 
23. The angle between 0 and a whose cosine is SE is E 
25. The angle between -Z and Ž whose sine is E is-2. 
2 2 2 6 
27. The angle between s and + whose tangent is V3 is =. 
29. The angle between 0 and mx whose cosine is 0 is T 
31. The angle between -Z and = whose tangent is ES is -2. 
2 2 3 6 
33. The angle between -Z and = whose sine is 1 is T. 
2 2 2 
35. The angle between 0 and a whose cosine is ; is T 
37. Scientific Calculator: 0.1702 | INV [SIN 
Graphing Calculator: |2nd [SIN (10.1702 |)|| ENTER 
Answer: 9.8 
39. Scientific Calculator: 0.8425 |INV||COS 
Graphing Calculator: |2nd||COS||(|0.8425 |)|| ENTER 
Answer: 32.6 
41. Scientific Calculator: 0.3799 | INV || TAN. 
Graphing Calculator: |2nd||TAN ||(|0.3799 |)|| ENTER 
Answer: 20.8° 
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Problem Set 4.7 


43. Scientific Calculator: 0.4664 |+/-||INV ||COS 
Graphing Calculator: |2nd||COS||(||-|0.4664 |)|| ENTER 
Answer: 117.8 
45. Scientific Calculator: 2.748 "mm INV ||TAN 
Graphing Calculator: [2na] [TAN] (]|-] 2.748 |] ENTER 
Answer: —70.0 
47. Scientific Calculator: 0.7660 |+/-|| INV | |SIN 
Graphing Calculator: |2nd [SIN (||-| 0.7660 |)| | ENTER 
Answer: —50.0 
49. Using a TI-84 Plus,: graph y, 2 cos" (x) in degree mode. Set the window to x between -1 and 1 with Xscl = 0.5 
and y between 0 and 180 with Yscl = 30. 
a. Then push |2nd !|TRACE| 1: VALUE |. At the cursor, enter 1 2| ENTER|. The 
answer is y 2 60^. 
b. Then push |2nd|| TRACE]|H : VALUE|. At the cursor, enter |(-) JV (3D «| 2 ENTER]. 
The answer is y 2150. 
c. Then push |2nd !|TRACE||1 : VALUE |. At the cursor, enter 
J (12D 2] ENTER]. The answer is y=45°. 
51. Follow the directions in problem 49, except graph y, =tan™' (x) with the window set to x 
between -10 and 10. 
a. Then push |[2nd||TRACE}|1: VALUE]. At the cursor, enter |(-)|] [ENTER]. The 
answer is y=-45°. 
b. Then push |2nd||TRACE||1: VALUE]. At the cursor, enter J (13)| |ENTER|. 
The answer is 60°. 
c. Then push |2nd| TRACE |||: VALUE |. At the cursor, enter 
[2 +||V |{(13|)||ENTER]. The answer is -30° . 
53. If 0 - sin! 2 ,then sin@ <7 and s <0 s . For any value in this interval, cos@ will be 
positive. Therefore |cos6|=cos@ and we can simplify: |4cos6|=4cos@ . 
ENS . 3 T T . ; SN 3 
55. Let 02 sin 2 , then sin0 = s and 75 <O0< a . We want to find sin@ which is equal to r ; 
57. Let 0 = cos"! ; , then cos8 - and 00 <x. We want to find cos@ which is equal to ; ] 
41 1 X X : ee 1 
59, Let 0 = tan ^ , then tan@ = 5 and ES «0 « —. We want to find tan@ which is equal to 2 ; 
Chapter 4 Page 224 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Z 


61. First we want to find sin225°: sin 225° = -sin 45° = ae 


Next we want to find sin ! 23, 


Let 0 - sin! HE 


V2 


Then sin0 = -— 
2 


sin@ = v2 
2 
6 =45° and -90° < 0 < 90° 
Therefore, 0 = -45'. 
a 48 


63. First we want to find sin z : sin 
3 3 2 


V3 


Next we want to find sin” $] : 


B 


Let 0 =sin™ EB 
2 


Then ing - 3 and d oet 
2 2 2 


Therefore, 0 = - . 


65. First we want to find cos120°: cos120° 2 -cos60" = -5 


Next we want to find cos” 2 : 


Let 0 =cos"' (-3] 
2 


Then AAT ER see 
2 2 


0 =60° and 0° «0 <180° 


Therefore, 0 =180° -60° =120°. 


67. First we want to find cos DUE : cos ella = ra 
4 4 4 
E 
2 


Next we want to find cos” 3 : 


V2 


Let 0 2 cos! B 
2 
Then cos = 2 and 00x 


Therefore, 0 = + y 
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69. First we want to find tan 45°: tan 45° =1 
Next we want to find tan !1 : 
Let 0 - tan !1 
Then tan@=1 and -90' «0 < 90° 
Therefore, 0 = 45°. 
71. First we want to find tan 2m : tan B E -tan Č = E 
6 6 6 3 
Next we want to find tan” 23 : 
Let 0 = tan! RE 
3 
Then tan0 = EE 
tang = v3 
3 
ga and GE og Therefore, sot 
6 2 2 6 
zoe A 3 T m 
73. Let 0-sin —,then sin => and -— <0 <—. 
5 5 2 2 
Next, we draw a triangle and find the adjacent side: 
adjacent side 2 45^ -3° 5 
3 
2425-9 s 416 «4 
Then, we find tan@ = 1 ; 
75 Let PERS MEUS then sosom and O0<0<7 
. Js' Js E 
We are looking for secÓ . 
1 1 
secü = —— =— = 
cosü 1/45 
77. Let = cos" — then cos => and O<@sa. 
Next, we draw a triangle and find the opposite side: 2 
Opposite side 242? -1? =V4-1=V3 
Then we find sin@ = ue 1 
ES 1 T m 
79. Let 0 =tan7 —,then tan0 2 — and -—«0 «—. 
2 2 2 2 
We want to find cot@ = zb - DN m 
tan@ 1/2 
81. Since y=sinx and y-sin''x (for 2 <x< - ) are inverse functions, one function will “undo” 
the action performed by the other. Therefore, sin ' (sinx) 2 x . 
83. Let 0 2 cos! x , then cosü =x and OO x z . We want to find cos@ which is equal to x. 
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85. Let 0 - sin! x , then sin@ = x and 5 <0< 5 . We draw a triangle and find the adjacent 


side: Adjacent side - JT -x° - J1-x? 


2 
From the figure, we find cos0 = = -Nl-x . 1 


87. Let 0 = tan! x , then tan@ =x and as «0« 5 . We draw a triangle 


and find the hypotenuse: hypotenuse 2 x^ «^ 2 x^ +1 


x 
Jxal * 


89. Let 0 - cos! d , then cos@ = A and 0<@<a. We draw a triangle and find the : 
x x 


opposite side: Opposite side - x^ -1? =V¥x? -1 E 
4x? -1 


From the figure, we find sin@ = 


From the figure, we find sin0 = 


x 
91. Let Deco | then P and Ox0zz. ! 
x x 
; 1 1 
We want to find secü = —— = — =x 
cosü 1/x 
93. We compute the following on a calculator: 
d- cos "[sin(32722.108 ') sin (13704.809") + cos(32722.108 ')cos(13°04.809')cos(64°41 .178'- 59°29.263')] 
=1,370 miles 
95. The graph is a sine curve with amplitude of 2 and period of a or 2. 
m 
97. The graph is a cosine curve with amplitude of 3 and period of T or 4x . 
The graph is reflected about the x-axis. 
99. The graph is a standard sine curve with a horizontal shift of 2 Í 
101. Amplitude =3 Period = = =x Horizontal shift = T E z 
One Cycle: 0<2x-Ž <27 Spacing md 
3 4 4 
T <2x< Ia 
3 
X Tr 
—Zzxz-—— 
6 6 
The 5 points we use on the x-axis are A SUR EE Ht au : 
12 3 12 6 
The 2 points we use on the y-axis are -3 and 3. 
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Chapter 4 Test 


1. Sketching the graph: 2. Sketching the graph: 


y-cosx 


3. Sketching the graph: 4. 


I 
I 
: 1 yy = cos x 
3 f t+—> x 
2x V /1 4x 
N 
I 
| 
| 
Y 
5. Since sine is an odd function and cosine is an even function: cot(-0) = cost) = pos =- east =-cotd 
sin(-CO) -sin sing 
; ; ; 1 cos(-0) : 1 cos@ 
6. Working from the left side: sin(-0)sec(-0)cot(-0) = -sinO + .— = -sinf e. —— e. —— =] 
cos(-0) sin(-0) cos@ -sin@ 
pi The amplitude is 1 and the period is Ad =2: 
T 
y 
1 
y = COS TX 
+ - > y 
2 
-1 
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8. The amplitude is 3 and the period is 27 . Note this curve is a reflection of y 2 3cosx across the x-axis: 
¥ 


y=-3 cos x 


10. The amplitude is 2 and the period is A =2: 
m 


yz2sinzx 


> Xx 
LÁ 
11. The amplitude is 1, the period is 2 , and the horizontal shift is a 
y 
y = sin (x + 7/4) 
Tal 
= > Xx 
-x4 
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12. The amplitude is 3, the period is = =x , and the horizontal shift is 


y 


y =3 sin (2x - 21/3) 


13. The amplitude is 3, the period is Zz = 6 , and the horizontal shift is T, =1 . Note the curve is a vertical translation of 
3 3 


y= 3sin(Zx-2) by —3 units: 


y=-3 +3 sin (x-5) 


m 
14. The period is 27 and the horizontal shift is = 15. The period is + and the horizontal shift is Z - T 
A y= 1 +4 cse (x + 7/4) 
[ T3 i | L 
i i i : y =-3 tan (2x - 77/2) 
! I 1 
[ 1 l | 
oT i | | 
| | l > x 
4— - + f 9 yr m4 i 374 
l n4 ; 5a/4 
ree x=zi2 
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16. The amplitude is 2, the period is = , and the horizontal shift is z 


y 


y= 2 sin (3x - 7) 


m 
17. The amplitude is 2, the period is " = 4 , and the horizontal shift is % = E . There is a vertical translation of ; ; 
2 2 


and the curve is reflected across the x-axis: 
yzi-2sin(ix-j) 


18. This is a sine curve with amplitude = 2 and period = 4% , therefore: 


2m |. 
2x =42B 
wl 
2 
The horizontal shift is -s , therefore 
C 
-~ =- 
B 
E oly 
y > 
2 
ae 
2 


Thus the equation of the curve is y= 2sin( Ss z) : 


19.  Thisisasine curve with amplitude — ja -O)= ; and a vertical translation of ; unit. The period is 4, therefore: 


Ta 

B 

2m -4B 
T 
E 


There is no phase shift, thus the equation of the curve is y= a sin Zs] : 
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20. Graphing yı -5x , Yo =-sinx , and y=Żx-sinx: 21. Graphing y; =sinx, y, =cos2x, y=sinx+cos2x: 


22. Graphing y= cos! x: 23. 
y 

y=cos'x | 

+ x 4 a 

y =arcsin x 


-< » X 
X 

zi $ l 

. f1 . 1 X X X (l1) x 
24. Let x-sin |—|,so sinx =— and -—<x<—. Thus x2—,so sin |—]=—. 

2 2 2 2 6 2] 6 
25. Let x= arccos E , SO supe and 0 <x <7 . Thus PEUT arccos ou So 
2 2 4 2 4 

26. Using a calculator: arcsin (0.9345) = 69.1? 27. Using a calculator: arctan(-0.3028) ~-16.8° 


28. Let6-cos| = , SO cosé -2 . Drawing the triangle: 


2 


V5 


Using the Pythagorean Theorem: a - N 3? -2? 2.9 - 4 - J5 . Therefore: sn( cos“ d =sin = m 


29. Evaluating: tan! Z m = tan“! $] = = 
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30. Let @=cos x,so cosO=x. Drawing the triangle: 


a 


Using the Pythagorean Theorem: a= y1- x? . Therefore: tan(cos™! x) =tan0 = 


Chapter 4 Page 233 Chapter 4 Test 


© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


